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In the name of God, the most gracious, the most merciful 
God Almighty says (And say, “My Lord, increase me in knowledge.”) 

 

Dear colleagues, we present to you this humble work, which 

is an episode of a series of works presented by a number of 

researchers and those interested in Neutrosophic science, 

entitled 

 

(Neutrosophic transport and allocation issues) 
 

We all know that problems of transportation and allocation appear 

frequently in practical life. We need to transfer materials from production 

centers to consumption centers to secure the areas’ need for the 

transported material or allocate machines or people to do a specific job at 

the lowest cost, or in the shortest time. We know that the cost factors 

Time is one of the most important factors that decision-makers care about 

because it plays an “important” role in many of the practical and scientific 

issues that we face in our daily lives, and we need careful study to enable 

us to avoid losses. For this, the linear programming method was used, 

which is one of the research methods. Processes, where the problem data 

is converted into a linear mathematical model for which the optimal 

solution achieves the desired goal. Since these models are linear models, 

we can solve them using the direct simplex method and its modifications, 

but the specificity that these models enjoy has enabled scholars and 

researchers to find special methods that help us in obtaining the optimal 

solution. Whatever the method used, the goal is to determine the number 

of units transferred from any material from production centers to 

consumption centers, or to allocate a machine or person to do a job so that 

the cost or time is as short as possible. These issues were addressed 

according to classical logic, but the ideal solution was a specific value 

appropriate to the conditions in which the data was collected and does not 

take into account the changes that may occur in the work environment. In 

order to obtain results that are more accurate and enjoy a margin of 

freedom, we present in this book a study of transport issues and 

neutrosophic allocation issues and some methods for solving them. By 



neutrosophic issues we mean These are the problems in which the data 

are neutrosophic values, i.e. the required quantities and the available 

quantities. Neutrosophic values are of the form          , where    is 

the indeterminacy of the produced quantities. It can be taken in the form 

   [       ]and the quantities required are also neutrosophic values of 

the form          , where    is the indeterminacy of the required 

quantities. One can take the form    [       ], as well as the costs or 

profit, that is, the cost (or the return profit) of transporting or uniting the 

material from the production center   to the consumption center   or 

allocating a machine Or a factor to accomplish some work, it is 

               , where    is indeterminacy and takes one of the forms 

     [         ] or     {          }or otherwise, which is any 

neighborhood of the value      that we get While collecting data on the 

issue, the cost (or profit) matrix becomes      [         ]. The need 

for a study that provides us with more results is what prompted us to 

prepare this book, which includes five chapters: 

Chapter I: Neutrosophic transport models at the lowest cost. 

Chapter II: Methods for finding the initial solution to neutrosophic 

transport Problems. 

Chapter III: The optimal solution for neutrosophic transport models 

based on an initial solution. 

Chapter IV: Neutrosophic transport models with the shortest time. 

Chapter V: Optimal neutrosophic Allocation and the Hungarian Method. 

 

We hope to God Almighty that I have succeeded in doing so. 
 

The authors 

Florentin Smarandache  and  Maissam Ahmad Jdid 
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Chapter I 

Neutrosophic transport models at the lowest cost 
 

1.1. Introduction 

1.2. Formulating neutrosophic transport issues at the lowest 

cost 

1.3. Types of neutrosophic transport models at the lowest cost: 

1.3.1. Equilibrated transportation models 

1.3.2. Unbalanced transport models 

1.3.2.1. A state of surplus production. 

1.3.2.2. Production shortage. 

1.4. Building neutrosophic transport models at the lowest cost 

1.4.1. the cost of transportation is neutrosophic values 

- Formulating the issue 

- Building a mathematical model if the model is 

balanced 

- Building a mathematical model in case the model 

is unbalanced 

A state of surplus production 

A production deficit 

1.4.2. Available quantities and required quantities are 

neutrosophic values 

- Formulating the issue 

- Building a mathematical model if the model is 

balanced 

- Building a mathematical model in case the model 

is unbalanced 
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A state of surplus production 

A production deficit 

1.4.3. The cost of transportation, the quantities supplied, 

and the quantities required are neutrosophic values 

- Formulating the issue 

- Building a mathematical model if the model is 

balanced 

- Building a mathematical model if the model is 

unbalanced 

A state of surplus production 

A production deficit 
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1.1. Introduction: 

In any production or service institution, the cost of transportation is 

considered one of the costs that affect the budget of this institution, so 

decision makers seek to make this cost as low as possible. To obtain the 

lowest cost of transportation, scientific methods that help in making the 

optimal decision for the institution's workflow must be used. This is what 

prompted those interested in the science of operations research to present 

a study dealing with transportation issues using the linear programming 

method, and this was helped by the special nature of transportation issues. 

In this chapter, we present a study of transportation models at the lowest 

possible cost using the concepts of neutrosophy, the modern science that 

has brought about a major revolution in all fields. Science through the 

thought put forward by the founder of this science, the American scientist 

Florentin Smarandache, in 1995, through his belief that there is no 

absolute truth, which is in line with modern living conditions, which is 

the instability of the surrounding conditions of the work environment, and 

therefore the data collected about any system carries something. It is not 

clear which neutrosophic values should be taken to guarantee the 

institution a safe working environment, and therefore the transportation 

models with the lowest cost take the following formulation. 

1.2. Formulating neutrosophic transport problems at the 

lowest cost: 

These issues were found to help companies and institutions obtain the 

lowest cost for transporting materials from production centers or storage 

centers   , where          , knowing that the quantity available in 

production center   is   , to consumption centers   , where           

and the need of the   consumer center is   . These issues were addressed 

according to classical logic, and, below, we reformulate them using the 

concepts of neurosophic science. 

The transport issue is neutrosophic if the quantities required, the 

quantities available, and the cost of transportation are neutrosophic 

values, one or all of them, i.e.: 
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The available quantities are          where the indeterminacy of the 

quantities is produced; it may be any neighbor of the true value    i.e. 

   ,        - or    *        +or otherwise. 

The quantities required are            , where    is the indeterminacy 

of the quantities produced, and it may be any neighborhood of the true 

value   , i.e.    [        ] or    {        } or something else.  

The cost of transporting one unit from production center   to consumption 

center   is              where     is the indeterminacy of the 

production cost and it may be any neighborhood of the true value    , i.e. 

    [          ] or     {         } Then the payments matrix becomes 

     [       ]. 

1.3. Types of neutrosophic transport models at the lowest 

cost: 

By comparing the quantities required and the quantities available, we 

distinguish the following types: 

1.3.1. Balanced transport models: 

The transportation model is balanced if the available quantities are equal 

to the required quantities, i.e.: 

∑   

 

   

 ∑     

 

   

 

1.3.2. Unbalanced transport models: 

The transportation model is unbalanced if the quantities available do not 

equal the quantities demanded, i.e.: 

∑   

 

   

 ∑     

 

   

 

Among the unbalanced transport models, we have two cases: 

1.3.2.1. A state of overproduction: 

The sum of the quantities produced is greater than the sum of the required 

quantities, i.e.: 
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∑   

 

   

 ∑     

 

   

 

We transform it into a balanced model by adding an artificial consumption 

center whose need is: 

      ∑   

 

   

 ∑     

 

   

 

1.3.2.2. Production shortage: 

The total quantities produced are less than the total available quantities, i.e.: 

∑   

 

   

  ∑     

 

   

 

We transform it into a balanced model by adding an artificial production 

center with its production capacity: 

      ∑   

 

   

 ∑     

 

   

 

In two cases (b & a), a surplus in production and a deficit in production, 

we obtain a balanced model. 

Noting the necessity of determining the type of transportation model 

before starting to build the mathematical model, as we will see in the 

following paragraph: 

1.4. Building neutrosophic transport models at the lowest 

cost: 

When dealing with the issue of transportation according to neutrosophic 

logic, we encounter one of the following forms: 

1.4.1. the cost of transportation, neutrosophic values: 

That is, the cost of transporting one unit from production center   to 

consumption center   is             , where     is the indeterminacy 

of the production cost, and it may be     [          ] or     {         } 

Then the payments matrix becomes      [       ]. 
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Formulation of the issue: 

Suppose that we want to transfer a material from production centers   , 

where          , to consumption centers   , where            , so 

that the transportation cost is as low as possible, bearing in mind that the 

quantities available in the production centers are            

    The quantities required in the consumption centers are           , 

and the cost of transporting one unit from production center   to 

consumption center   is              where     is indeterminacy and it 

may be     [          ] or     {         } then the payments matrix 

becomes      [       ] 

To build the appropriate mathematical model, we symbolize the quantities 

transferred from the production center   to the consumption center   by 

   . Then we can put the unknowns of the problem in the following 

matrix form:   [   ] 

We place the data in the problem in the table as follows: 

Available 

quantities 
              

Consumption centers 

Production centers     

   

     

     
  

     

    

     

    

     

    

   

   
     

    

  
     

    

     

    

     

    

   

   

     

    
  

     

    

     

    

     

    

   

              

   

     

    

  
     

    

     

    

     

    

   

               Required quantities 

Table No. (1) Issue data cost neutrosophic values 

 

 



NEUTROSOPHIC TRANSPORT AND ASSIGNMENT ISSUES 

 

- 7  -  
 

Building the mathematical model in case the model is balanced, i.e.: 

∑  

 

   

 ∑    

 

   

 

The mathematical model is given by the following formulation: 

Find 

   ∑∑           

 

   

 

   

 

 Conditions: 

∑                  

 

   

 

∑                  

 

   

 

                              

Example: 

It is intended to ship a quantity of oil from three stations         to four 

cities           . The quantities available at each station, the quantities 

required in each city, and the transportation cost are shown in the 

following table: 

Available 

quantities 
            

Consumption centers 

Production centers     

    

     

    

     

    

      

    

    

    

   

   
     

    

      

    

       

    

      

    

   

    

     

    

      

    

      

    

     

    

   

             Required quantities 

Table No. (2) Example data cost neutrosophic values 
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Where ε is the indeterminacy and we take it as   ,   - 

From the data of the problem, we note that: 

∑  

 

   

 ∑    

 

   

 

That is, the model is balanced, and the mathematical model is written in 

the following formula: 

Find 

   *,   -    ,   -    ,     -    ,    -    ,     -    ,   -   

 ,   -    ,   -    ,   -    ,   -    ,   -   

 ,    -   +      

Conditions: 

∑                 

 

   

 

∑                   

 

   

 

                              

Building a mathematical model in case the model is unbalanced, i.e.: 

∑  

 

   

 ∑    

 

   

 

A state of overproduction: 

The total quantities produced are greater than the total available 

quantities, i.e.: 

∑  

 

   

 ∑    

 

   

 

We transform the model into a balanced model by adding an artificial 

consumption center     whose need is: 

     ∑  

 

   

 ∑    
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The cost of transporting one unit from all production centers to this 

artificial consumer center is equal to zero, i.e.,        , where 

         . To build the appropriate mathematical model, we 

symbolize     to indicate the quantity transferred from the center. 

Production   to consumption center   Then we can put the unknowns of 

the problem in the following matrix form:   [   ] 

We place the information in the question in the table as follows: 

Available 

quantities                    
Consumption centers 

Production centers     

   
       

      

     

    
  

     

    

     

    

     

    
   

   
       

      

     

    
  

     

    

     

    

     

    

   

   
       

      

     

    
  

     

    

     

    

     

    

   

                

   
       

      

     

    

  
     

    

     

    

     

    

   

                    Required quantities 

Table No. (3): Issue data cost neutrosophic values, surplus 

 

Mathematical model: 

Find  

   ∑ ∑            

   

   

 

   

 

Conditions: 

∑                  

 

   

   

 

∑                   
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Example: 

It is intended to ship a quantity of oil from three stations         to four 

cities           . The quantities available at each station, the quantities 

required in each city, and the transportation cost are shown in the 

following table: 

Available 

quantities 
            

Consumption centers 

     Production centers     

    

     

    

     

    

      

    

    

    

   

   
     

    

      

    

       

    

      

    

   

    

     

    

      

    

      

    

     

    

   

             Required quantities 

Table No. (4) Example data cost neutrosophic values, surplus 

 

Where   is the indeterminacy and we take it as   ,   - 

From the data of the issue, we note that: 

∑  

 

   

 ∑    

 

   

 

Because∑         
    and ∑          

   , that is, 

∑  

 

   

 ∑    

 

   

 

The model is an unbalanced state of surplus production, so we add an 

artificial consumer center   , its need: 

   ∑   ∑    
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We get the following table: 

Available 

quantities 

 

   
            

Consumption centers 

Production centers     

    

  

    

     

    

     

    

     

    

    

    

   

   
  

    

     

    

      

    

       

    

      

    

   

    

  

    

     

    

      

    

      

    

     

    

   

                
Required 

quantities 

Table No. (5) Example data cost neutrosophic values with imaginary center 

 

Mathematical model: 

Find 

 

   *,   -    ,   -    ,     -    ,    -         

 ,     -    ,   -    ,   -    ,   -         

 ,   -    ,   -    ,   -    ,    -         +

     

 

Conditions: 

∑                 

 

   

 

∑                     
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Production shortfall: 

If the total quantities produced, are less than the total quantities required, 

that is: 

∑  

 

   

 ∑    

 

   

 

We transform the model into a balanced model by adding an artificial 

production center     whose needs are: 

     ∑  

 

   

 ∑    

 

   

 

We get the following table and the cost of transporting one unit of it to all 

consumption centers is equal to zero, i.e.,         where          . 

To build the appropriate mathematical model, we denote     to denote the 

quantity transferred from the Production center   to the consumption 

center. Then we can put the unknowns of the problem in the following 

matrix form:   [   ] 

We place the information in question in a table as follows: 

 

Available 

quantities 
              

Consumption centers 

Production centers     

   

     

     
  

       

    

     

    

     

    

   

   
     

    

  
     

    

     

    

     

    

   

   

     

    
  

     

    

     

    

     

    

   

              

   

     

    

  
     

    

     

    

     

    

   

     
     

      
  

     

      

     

      

     

      

     

               Required quantities 

Table No. (6): Issue data, cost neutrosophic values, deficit 
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Mathematical model: 

Find 

   ∑ ∑           

 

   

   

   

 

Conditions: 

∑                  

 

   

   

∑                   

   

   

 

                               

Example: 

It is intended to ship a quantity of oil from three stations         to four 

cities           . The quantities available at each station, the quantities 

required in each city, and the transportation cost are shown in the 

following table: 

 

Available 

quantities 
            

Consumption centers 

Production centers     

    

     

    

     

    

      

    

    

    

   

   
     

    

      

    

       

    

      

    

   

    

     

    

      

    

      

    

     

    

   

              Required quantities 

Table No. (7) Example data cost neutrosophic values, deficit 
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Where   is the indeterminacy and we take it as   ,   - 

From the data of the issue, we note that: 

∑  

 

   

 ∑    

 

   

 

Because ∑        
    and ∑          

   , that is, the model is 

unbalanced because ∑      ∑   
 
   

 
     

A production deficit, so we add a fictitious production center    to its 

production capacity: 

   ∑     ∑   

 

   

 

   

           

The cost of transporting one unit of it to any consumer center is equal to 

zero, i.e.:                  , we get the following table: 

 

Available 

quantities 
            

Consumption centers 

Production centers     

    

     

    

     

    

      

    

    

    

   

   
     

    

      

    

       

    

      

    

   

    

     

    

      

    

      

    

     

    

   

   
  

    

  

    

  

    

  

    

   

              Required quantities 

Table No. (8) Example data cost neutrosophic values, artificial center 
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Mathematical model: 

Find 

    *,   -    ,   -    ,     -    ,    -         

,     -    ,   -    ,   -    ,   -         ,   -    

,   -    ,   -    ,    -        +      

 

Conditions: 

∑                 

 

   

 

∑                     

 

   

 

                              

 

1.4.2. Available quantities and required quantities. neutrosophic 

values: 

The available quantities are neutrosophic values, i.e.          , 

where   is the indeterminacy related to the quantity available in 

production center  , and it may be    ,        - or    *        + or 

otherwise. And the quantities required are neutrosophic values, i.e. 

         , where   is the indeterminacy related to the quantity 

required in the   the consumption center, and it may be    [        ]or 

   {        }or something else. 

Formulation of the issue: 

Suppose that we want to transfer a material from production centers   , 

where          , to consumption centers   , where 

         , so that the transportation cost is as low as possible, bearing 

in mind that the quantities available in these centers are 

                    . And the quantities required in 

consumption centers                     

The cost of moving one unit from the production center   to the 

consumption center   is    , where     then the payments matrix becomes 

    [   ] 
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To build the appropriate mathematical model, we symbolize     to 

indicate the quantity transferred from the production center i to the 

consumption center j. Then we can put the unknowns of the problem in 

the following matrix form:   [   ] 

We place the data in the problem in the table as follows: 

Available 

quantities 
              

Consumption centers 

Production centers     

      

     

     
  

       

    

     

    

     

    

   

      
     

    

  
     

    

     

    

     

    

   

      

     

    
  

     

    

     

    

     

    

   

              

      

     

    

  
     

    

     

    

     

    

   

                           Required quantities 

Table No. (9) Issue data: Available quantities and required quantities.  eutrosophic values 

 

Building the mathematical model in case the model is balanced, i.e.: 

∑   

 

   

 ∑     

 

   

 

Mathematical model: 

Find 

   ∑∑           

 

   

 

   

 

Conditions: 

∑                    

 

   

 

∑                    

 

   

 

                               

 



NEUTROSOPHIC TRANSPORT AND ASSIGNMENT ISSUES 

 

- 17  -  
 

Example: 

It is intended to ship a quantity of oil from three stations         to four 

cities           . The quantities available at each station, the quantities 

required in each city, and the transportation cost are shown in the 

following table: 

Available 

quantities 
            

Consumption centers 

Production centers     

       

   

     

   

     

    

     

  

     

   

      
   

     

    

     

    

     

   

     

   

       

   

     

    

     

    

     

   

     

   

                         Required quantities 

Table No. (10): Example data Available quantities and required quantities 

Neutrosophic values 

 

Where    is the indeterminacy of the available quantities and we take it as 

follows: 

   ,    -     ,    -    ,    - 

Where    is the indeterminacy of the required quantities, we take it as 

follows: 

   ,   -     ,    -    ,    -     ,    - 
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From the above we get the following table: 

 

Available 

quantities 
            

Consumption centers   

 Production centers  

,       - 
   

     

   

     

    

     

  

     

   

,     - 
   

     

    

     

    

     

   

     

   

,       - 
 8  

     

  2  

     

  5  

     

 4  

     

   

 ,     - ,      - ,     - ,     - Required quantities 

Table No. (11): Example data: Available and required quantities neutrosophic 

values, Overproduction 

 

From the data on the issue, we note: 

∑   

 

   

 ,       -  ,     -  ,       -  ,       - 

∑   

 

   

 ,     -  ,     -  ,      -  ,     -  ,       - 

We note that ∑    
 
    ∑    

 
    ,       -, meaning that the model 

is balanced. 

 

Mathematical model: 

Find 

 

   (                                     

                                    )
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Conditions: 

∑    

 

   

                 

∑    

 

   

               

                             

Building a mathematical model in case the model is unbalanced, i.e.: 

∑   

 

   

 ∑     

 

   

 

 

A state of surplus production: 

The total quantities produced are greater than the total quantities 

demanded, i.e.: 

∑   

 

   

 ∑     

 

   

 

We transform the model into a balanced model by adding an imaginary 

consumer center     whose need is: 

 

      ∑   

 

   

 ∑     

 

   

 

 

The cost of transporting one unit from all production centers to this 

artificial consumer center is equal to zero, i.e.        , where               

         . To build the appropriate mathematical model, we 

symbolize     to indicate the quantity transferred from the Production 

center.   to the consumption center   Then we can put the unknowns of 

the problem in the following matrix form:   [   ] 
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Mathematical model: 

Find  

   ∑ ∑            

   

   

 

   

 

Conditions: 

∑                     

   

   

 

∑                    

 

   

   

                                

Example: 

It is intended to ship a quantity of oil from three stations         to four 

cities           . The quantities available at each station, the quantities 

required in each city, and the transportation cost are shown in the 

following table: 

Available 

quantities 
            

Consumption centers 

     Production centers 

       

   

     

   

     

    

     

  

     

   

      
   

     

    

     

    

     

   

     

   

       

   

     

    

     

    

     

   

     

   

                         
Required quantities 

Table No. (12): Example data: Available and required quantities Neutrosophic 

values, Overproduction 

Where    is the indeterminacy of the available quantities and we take it as 

follows: 

   ,    -     ,    -    ,    - 
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Where    is the indeterminacy of the required quantities, we take it as 

follows: 

   ,   -     ,    -    ,    -     ,    - 

From the above we get the following table: 

 

Available 

quantities 
            

Consumption centers 

 Production centers 

,       - 
   

     

   

     

    

     

  

     

   

,      - 
   

     

    

     

    

     

   

     

   

,       - 
 8  

     

  2  

     

  5  

     

 4  

     

   

 ,     - ,      - ,     - ,     - Required quantities 

Table No. (13): Example data: Available and required quantities Neutrosophic 

values, Overproduction 

 

From the data on the issue, we note: 

∑   

 

   

 ,       -  ,      -  ,       -  ,       - 

∑   

 

   

 ,     -  ,     -  ,      -  ,     -  ,       - 

We note that  ∑    
 
    ∑    

 
    , state of surplus production. 

We transform the model into a balanced model by adding an artificial 

consumer center     whose need is: 

    ∑   

 

   

 ∑   

 

   

 ,       -  ,       -  ,     - 
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The transportation cost from all production centers to this imaginary 

consumer center is zero. 

We get the following table: 

 

Available 

quantities 
               

Consumption centers 

Production centers 

,       - 
  

     

   

     

   

     

    

     

  

     

   

,      - 
  

     

   

     

    

     

    

     

   

     

   

,       - 
  

     

 8  

     

  2  

     

  5  

     

 4  

     

   

 ,     - ,     - ,      - ,     - ,     - Required quantities 

Table No. (14): Example data: Available and required quantities. Neutrosophic 

values with artificial consumption center 

 

Mathematical model: 

Find 

   (                                      

                                     

                   )      

Conditions: 

∑    

 

   

                   

∑    

 

   

               

                               

Production shortage: 

If the total quantities produced, are less than the total quantities required, 

that is: 
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∑   

 

   

 ∑     

 

   

 

We transform the model into a balanced model by adding an artificial 

production center     whose needs are: 

      ∑   

 

   

 ∑     

 

   

 

The cost of transporting one unit to all consumption centers equals zero, 

that is,        , where          . For the table, we add a row 

      . 

Mathematical model: 

Find 

   ∑ ∑           

 

   

   

   

 

Conditions: 

 

∑                      

 

   

 

∑                     

   

   

 

                                 

 

Example: 

It is intended to ship a quantity of oil from three stations         to four 

cities           . The quantities available at each station, the quantities 

required in each city, and the transportation cost are shown in the 

following table: 
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Available 

quantities 
            

Consumption centers 

      Production centers 

       

   

     

   

     

    

     

  

     

   

      
   

     

    

     

    

     

   

     

   

       

   

     

    

     

    

     

   

     

   

                          Required quantities 

Table No. (15) Example data Available and required quantities neutrosophic 

values, production shortfall 

 

Where    is the indeterminacy of the available quantities and we take it as 

follows: 

   ,    -     ,    -    ,    - 

Where    is the indeterminacy of the required quantities, we take it as 

follows: 

   ,   -     ,    -    ,    -     ,    - 

From the above we get the following table: 

Available 

quantities 
            

Consumption centers 

      Production centers 

,       - 
   

     

   

     

    

     

  

     

   

,     - 
   

     

    

     

    

     

   

     

   

,       - 
 8 

     

  2 

     

  5 

     

 4 

     

   

 ,     - ,      - ,       - ,     - Required quantities 

Table No. (16) Example data Available and required quantities neutrosophic 

values, production shortfall 
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From the data on the issue, we note: 

∑   

 

   

 ,       -  ,     -  ,       -  ,       - 

∑   

 

   

 ,     -  ,       -  ,      -  ,     -  ,       - 

We note that: 

∑   

 

   

 ∑     

 

   

 

Because  ∑     ,       - 
     and   ∑       ,       - 

   , that is, 

the model is unbalanced because ∑       ∑    
 
   

 
    

A production deficit, so we add an artificial production center    to its 

production capacity: 

    ∑      ∑    

 

   

 

   

,       -  ,       -  ,     - 

The cost of transporting one unit of it to any consumer center equals zero, 

i.e.: 

                  

We get the following table: 

Available 

quantities 
            

Consumption centers 

Production centers 

,       - 
  

     

   

     

  

     

  

     

   

,     - 
  

     

  

     

  

     

   

     

   

,       - 
  

     

  

     

  

     

  

     

   

,     - 
  

     

  

     

  

     

  

     

   

 ,     - ,      - ,       - ,     - Required quantities 

Table No. (17) Example data Available and required quantities neutrosophic values 

artificial production center 
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Mathematical model: 

Find 

   (                                     

                                    

                            )      

 

Conditions: 

∑    

 

   

                 

 

∑    

 

   

                 

                               

1.4.3. The cost of transportation, available quantities, and required 

quantities. neutrosophic values: 

The transportation cost is a neutrosophic value, meaning that the cost of 

transporting one unit transported from production center   to consumption 

center   is    , where             , and     is indeterminacy, and it 

may be     [         ]or     {         } or other. Then the payments 

matrix becomes      [       ] 

Available quantities are neutrosophic values           where    is 

the indeterminacy related to the available quantity in production center  . 

It may be     ,       - or     *       +or otherwise, the quantities 

demanded are neutrosophic values           where    is the 

indeterminacy related to the quantity available in the   consumer center, it 

may be    [       ] or    {       } or otherwise.  

Formulation of the issue: 

Suppose that we want to transfer a material from production centers   , 

where          , to consumption centers   , where          , so 

that the transportation cost is as low as possible, knowing that the 
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quantities available in these centers are                     and 

the quantities required in the consumption centers are: 

                    

To build the appropriate mathematical model, we symbolize the quantity 

transferred from the production center   to the consumption center   by 

    . Then, we can put the unknowns of the problem in the following 

matrix form:    [    ] 

We place the information in the question in the table as follows: 

Available 

quantities 
              

Consumption centers 

Production centers 

      

     

     
  

     

     

      

     

     

     

   

      
     

     
  

     

     

     

     

     

     

   

      

     

     
 

     

     

     

     

     

     

   

              

      

     

     

 
     

     

     

     

     

     

   

                          Required quantities 

Table No. (18) Issue data: transportation cost, available quantities, and required 

quantities. Neutrosophic values 

 

Building the mathematical model in case the model is balanced, i.e.: 

∑   

 

   

 ∑     

 

   

 

Mathematical model: 

Find 

   ∑∑           
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Conditions: 

∑                    

 

   

 

∑                    

 

   

 

                              

Example: 

It is intended to ship a quantity of oil from three stations         to four 

cities           . The quantities available at each station, the quantities 

required in each city, and the transportation cost are shown in the 

following table: 

Available 

quantities 
            

Consumption centers 

Production centers 

       

     

     

     

     

      

     

    

     

   

      
     

     

      

     

      

     

     

     

   

       

     

     

      

     

      

     

     

     

   

                         Required quantities 

Table No. (19): Example data: transportation cost, available and required 

quantities. Neutrosophic values 

 

Where   is the indeterminacy and we take it as   ,   - 

Where    is the indeterminacy of the available quantities and we take it as 

follows: 

   ,    -     ,    -    ,    - 

Where    is the indeterminacy of the required quantities, we take it as 

follows: 

   ,   -     ,    -    ,    -     ,    - 
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From the above we get the following table: 

Available 

quantities 
            

Consumption centers 

Production centers 

,       - 

 ,    - 

     

,     - 

     

  ,   - 

     

,   - 

     

   

,     - 
,   - 

     

,   - 

     

,   - 

     

,     - 

     

   

,       - 

 ,    - 

     

  ,   - 

     

  ,   - 

     

 ,   - 

     

   

 ,     - ,      - ,     - ,     - Required quantities 

Table No. (20): Example data: transportation cost, available quantities, and 

required quantities. Neutrosophic values 

 

From the data of the issue, we note that: 

∑   

 

   

 ,       -  ,     -  ,       -  ,       - 

∑   

 

   

 ,     -  ,     -  ,      -  ,     -  ,       - 

We note that: 

∑   

 

   

 ∑   

 

   

 ,       - 

Mathematical model: 

Find 

   *,   -    ,   -    ,     -    ,    -    ,     -   

 ,   -    ,   -    ,   -    ,   -    ,   -   

 ,   -    ,    -   +      

Conditions: 

∑    
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∑    

 

   

               

                             

Building a mathematical model in case the model is unbalanced, i.e.: 

∑   

 

   

 ∑     

 

   

 

A state of overproduction: 

The total quantities produced are greater than the total available 

quantities, i.e.: 

∑   

 

   

 ∑     

 

   

 

We transform the model into a balanced model by adding an artificial 

consumer center      whose need is: 

      ∑   

 

   

 ∑     

 

   

 

The cost of transporting one unit from all production centers to this 

imaginary consumer center is equal to zero, i.e.,        , where 

         . To build the appropriate mathematical model, we symbolize 

    to indicate the quantity transferred from the center. Production   to 

consumption center  . Then, we can put the unknowns of the problem in 

the following matrix form:   [   ] 
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Mathematical model: 

Find 

   ∑ ∑            

   

   

 

   

 

Conditions: 

∑                     

   

   

 

∑                    

 

   

   

                                

Example: 

It is intended to ship a quantity of oil from three stations         to four 

cities           . The quantities available at each station, the quantities 

required in each city, and the transportation cost are shown in the 

following table: 

available 

quantities 
            

Consumption centers 

Production centers 

       

     

     

     

     

     

     

    

     

   

      
     

     

      

     

      

     

     

     

   

       

     

     

      

     

      

     

     

     

   

                         Required quantities 

Table No. (21): Example data: transportation cost, available, and required 

quantities Neutrosophic values, overproduction 
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Where   is the indeterminacy and we take it as   ,   - 

Where    is the indeterminacy of the available quantities and we take it as 

follows: 

   ,    -     ,    -    ,    - 

Where    is the indeterminacy of the required quantities, we take it as 

follows: 

   ,   -     ,    -    ,    -     ,    - 

From the above we get the following table: 

 

available 

quantities 
            

Consumption centers 

Production centers 

,       - 

 ,    - 

     

,     - 

     

  ,   - 

     

,   - 

     

   

,      - 
 ,   - 

     

    ,   - 

     

  ,   - 

     

,     - 

     

   

,       - 

 ,    - 

     

  ,   - 

     

  ,   - 

     

 ,   - 

     

   

 ,     - ,      - ,     - ,     - Required quantities 

Table No. (22): Example data: transportation cost, available, and required 

quantities Neutrosophic values, overproduction 

From the data on the issue, we note: 

∑   

 

   

 ,       -  ,      -  ,       -  ,       - 

∑   

 

   

 ,     -  ,     -  ,      -  ,     -  ,       - 

We note that   ∑    
 
    ∑    

 
   , state of surplus production. 

We transform the model into a balanced model by adding an artificial 

consumer center    whose need is: 
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    ∑   

 

   

 ∑   

 

   

 ,       -  ,       -  ,     - 

we get the following table: 

Available 

quantities 
               

Consumption centers 

Production centers 

,       - 

  

    

 ,    - 

     

,     - 

     

  ,   - 

     

,   - 

     

   

,      - 
  

    

 ,   - 

     

    ,   - 

     

  ,   - 

     

,     - 

     

   

,       - 

  

    

 ,    - 

     

  ,   - 

     

  ,   - 

     

 ,   - 

     

   

    ,     - ,      - ,     - ,     - 
Required 

quantities 

Table No. (23) Example data Transportation cost, available and required 

quantities, neutrosophic values, artificial consumption center 

Mathematical model: 

Find 

   *,   -    ,   -    ,     -    ,    -         

 ,     -    ,   -    ,   -    ,   -         

 ,   -    ,   -    ,   -    ,    -         +

     

Conditions: 

 

∑    

 

   

                   

∑    
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Production shortfall: 

If the total quantities produced, are less than the total quantities required, 

that is: 

∑   

 

   

 ∑     

 

   

 

We transform the model into a balanced model by adding an artificial 

production center      whose needs are: 

        ∑   

 

   

 ∑     

 

   

 

The cost of transporting one unit of it to all consumption centers is equal 

to zero, that is,        , where          . For the table, we add a 

row        

Mathematical model: 

Find 

   ∑ ∑           

 

   

   

   

 

Conditions: 

∑                      

 

   

 

∑                     

   

   

 

                                

Example: 

It is intended to ship a quantity of oil from three stations         to four 

cities           . The quantities available at each station, the quantities 

required in each city, and the transportation cost are shown in the 

following table: 
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Available 

quantities 
            

Consumption centers 

Production centers 

       

     

     

     

     

      

     

    

     

   

      
     

     

      

     

      

     

     

     

   

       

     

     

      

     

      

     

     

     

   

                          
Required quantities 

Table No. (24) Example data Transportation cost, available and required quantities 

Neutrosophic values, production shortfall 

Where   is the indeterminacy and we take it as   ,   - 

Where    is the indeterminacy of the available quantities and we take it as 

follows: 

   ,    -     ,    -    ,    - 

Where    is the indeterminacy of the required quantities, we take it as 

follows: 

   ,   -     ,    -    ,    -     ,    - 

From the above we get the following table: 

Available 

quantities 
            

Consumption centers 

 Production centers 

,       - 

 ,    - 

     

,     - 

     

 ,   - 

     

,   - 

     

   

,     - 
 ,   - 

     

,   - 

     

  ,   - 

     

,     - 

     

   

,       - 

,    - 

     

 ,   - 

     

 ,   - 

     

,   - 

     

   

 ,     - ,      - ,       - ,     - Required quantities 

Table No. (25) Example data Transportation cost, available, and required 

quantities Neutrosophic values, production shortfall 
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From the data on the issue, we note: 

∑   

 

   

 ,       -  ,     -  ,       -  ,       - 

∑   

 

   

 ,     -  ,       -  ,      -  ,     -  ,       - 

We note that: 

∑   

 

   

 ∑     

 

   

 

Because∑     ,       - 
     and   ∑       ,       - 

   , that is, the 

model is unbalanced because ∑       ∑    
 
   

 
    

A production deficit, so we add an artificial production center    to its 

production capacity: 

    ∑      ∑    

 

   

 

   

,       -  ,       -  ,     - 

The cost of transporting one unit of it to any consumer center is equal to 

zero, i.e.: 

                 

We get the following table: 

Available 

quantities 
            

Consumption centers 

Production centers 

,       - 

 ,    - 

     

,     - 

     

  ,   - 

     

,   - 

     

   

,     - 
,   - 

     

,   - 

     

  ,   - 

     

,     - 

     

   

,       - 

,    - 

     

 ,   - 

     

 ,   - 

     

,   - 

     

   

,     - 
  

    

  

     

  

     

  

     

   

 ,     - ,      - ,       - ,     - Required quantities 

Table No. (26) Example data Transportation cost, available and required quantities 

Neutrosophic values, artificial production center 
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Mathematical model: 

Find 

   *,   -    ,   -    ,     -    ,    -    ,     -   

 ,   -    ,   -    ,   -    ,   -    ,   -   

 ,   -    ,    -                     

      +      

Conditions: 

∑    

 

   

                 

∑    
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Chapter II 

Methods for finding the principled solution to 

Neutrosophic transport problems 

2.1. Introduction 

2.2. North-west corner method 

2.2.1. the cost of transportation is Neutrosophic values 

2.2.2. The quantities available in production centers and the 

quantities required in consumption centers are 

neutrosophic values 

2.2.3. The cost of transportation, the quantities available in 

production centers, and the quantities required in 

consumption centers are neutrosophic values 

2.3. The least - cost method 

2.3.1. the cost of transportation is Neutrosophic values 

2.3.2. The quantities available in production centers and 

the quantities required in consumption centers are 

neutrosophic values 

2.3.3.  The cost of transportation, the quantities available 

in production centers, and the quantities required in 

consumption centers are neutrosophic values 

2.4. Vogel’s Approximation Method 
2.4.1. the cost of transportation is neutrosophic values 

2.4.2. The quantities available in production centers and 

the quantities required in consumption centers are 

neutrosophic values 

2.4.3. The cost of transportation, the quantities available 

in production centers, and the quantities required in 

consumption centers are neutrosophic values 
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2.1. Introduction: 

In the first chapter, we looked at the neutrosophic transport models at the 

lowest cost, and, to find the optimal solution for them, we must obtain an 

initial solution. We present in this chapter some methods through which it 

is possible to obtain an initial solution for any transport model, noting that 

the initial solution must consider the balance between what is required 

and what is available. The number of unknowns of the rule in this initial 

solution must be the number of linear conditions, i.e.,      . 

 

2.2. The North-West Corner Method: 

In this method, we start from the North-west Corner (upper left), which is 

located at the intersection of the first row and the first column, and we 

place in it the largest possible quantity. This quantity is the smaller of the 

two quantities, the quantity available in the first production center and the 

quantity required in the first consumption center, if the quantity is 

available in the first production center is greater than the quantity required 

in the first consumer center. We move to the right and place in the 

adjacent cell the smaller of the two quantities, the quantity remaining in 

the first production center and the quantity required in the second 

consumer center. However, if the quantity required in the first consumer 

center is greater than the quantity available in the first production center, 

we descend to the bottom cell next to it, and we put in it the smaller of the 

two quantities, the quantity available to satisfy the need of the first 

consumption center and the quantity available in the second production 

center, and so we continue in the same way until we satisfy the needs of 

all consumption centers and empty all production centers. We obtain what 

resembles a staircase that descends from left to right, and thus we have 

arrived. To the first initial solution, the number of cells we occupy must 

equal       and then we calculate the total cost corresponding to this 

initial solution. 

We explain the above through examples of neutrosophic transport 

models according to the three forms presented in the first chapter: 
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2.2.1.  the transportation cost is neutrosophic values: 

The cost of transporting one unit from the production center   to the  

consumption center   is              where      is the indeterminacy 

of the production cost and it may be any neighborhood of the true 

value   , i.e.     [          ] or     {         } Then the payments 

matrix becomes     [       ].  

 

Example (1): 

It is intended to ship a quantity of oil from three stations          to four 

cities           . The quantities available at each station, the quantities 

required in each city, and the cost of transportation in each direction are 

shown in the following table: 

Available 

quantities 
            

Consumption centers 

     Production centers 

    

     

    

     

    

      

    

    

    

   

   
     

    

      

    

       

    

      

    

   

    

     

    

      

    

      

    

     

    

   

    
         Required quantities 

 

Table No. (1) Data for example (1) 

 

Where   is the indeterminacy and we take it as   ,   -. 

From the data of the problem, we note that: 

∑  

 

   

 ∑    

 

   

     

That is, the model is balanced. Substituting  ,   - , we get the following 

table: 
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Available 

quantities 
            

Consumption centers 

Production centers 

    ,    - ,     -   ,   - ,   -    

    ,   -     ,   -   ,   - ,     -    

    ,    -   ,   -   ,   -   ,   -    

    

    

   

 

         Required quantities 

 

Table No. (2) Data for example (1) 

 

We use the north-west corner method to find an initial solution: 

We start from the North-west corner that is, opposite the first production 

center and the first consumption center, and put    *      +    . 

Thus, we have fulfilled the need of the first consumption center from the 

first production center, and the quantity remaining in the first production 

center is          . We move to the right cell. If the first row 

intersects with the second column, and we set    *     +    , the 

quantities available in the first production center become equal to zero, 

and the quantities required in the first consumption center equal to zero, 

and the second consumption center needs         . We go down to 

the cell located at the intersection of the second row and the second 

column, and we put    *     +    , then we have met the need of the 

second consumption center, and what remains in the second production 

center is         . We continue in the same way until we empty all 

the production centers and satisfy the needs of all the consumption 

centers. We get the following table: 
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Available 

quantities 
            

Consumption centers 

     Production centers 

    

,    - 

 

,     -   ,   - 

   

,   - 

   

   

   
 ,   - 

 

    ,   - 

   

  ,   - 

   

,     -    

    

,    - 

   

  ,   - 

   

  ,   -   ,   -    

    

    

   

 

         Required quantities 

 

Table No. (3): Initial solution for example (1) 

 

From the previous table we find: 

                           

                         

                              

We have         ,  Therefore        . This means that the 

initial solution satisfies the condition. 

We calculate the cost corresponding to this initial solution and replace it 

with the following cost function: 

                                           

                                   

        

We get the cost corresponding to the initial solution. 

   *,   -    ,   -    ,     -   ,    -   ,     -  

 ,   -    ,   -    ,   -   ,   -  

 ,   -   ,   -    ,    -   +

 ,         - 

It is the cost corresponding to the initial solution. 
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2.2.2. The quantities available in production centers and the quantities 

required in consumption centers are neutrosophic values. 

 

Example (2): 

It is intended to ship a quantity of oil from three stations          to four 

cities            . The quantities available at each station, the quantities 

required in each city, and the cost of transportation in each direction are 

shown in the following table: 

 

Available 

quantities 
            

Consumption centers 

Production centers 

                   

                  

                  

 

 
      

                  Required quantities 

 

Table No. (4) Data for example (2) 

 

Where          is the indeterminacy over the quantities available at the 

stations,    is the indeterminacy over the quantities produced, i.e. 

   ,        - or    *       +, in this example we will take 

   ,    -,   ,   -, and    ,    -            . Is the indeterminacy 

over the quantities available at the stations,    is the indeterminacy over 

the quantities produced, i.e.,    [        ] or    {       }, in this 

example we will take 

   ,   -,   ,    -,    ,   -, and    ,   - 

We get the following table: 
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Available 

quantities 
            

Consumption centers 

Production centers 

,       -             

,     -             

,       -            

,       - 

,       - 
,     - ,     - ,     - ,     - Required quantities 

Table No. (5) Data for example (2) 

 

We note that ∑    
 
    ∑      

 
    ,       - and therefore the model 

is balanced. 

We use the northwest corner method to find an initial solution: 

We start from the northwest corner that is, opposite the first production 

center and the first consumption center, and put 

    *,     - ,       -+  ,     - 

Thus, we have fulfilled the need of the first consumption center from the 

first production center and it remains in the first production center. 

Quantity ,       -  ,     -  ,     -, We move to the right of the 

cell located at the intersection of the first row and the second column and 

put    *,     - ,     -+  ,     - in it, it becomes the quantities 

available in the first production center equal zero, and the quantities 

required in the first consumption center equal zero, and the second 

consumption center needs ,     -  ,     -  ,     - .We go down to 

the cell located at the intersection of the second row and the second 

column. We put   *,     - ,     -+  ,     - , then we have met the 

need of the second consumer center, and the second production center 

remains ,     -  ,     -  ,     - .We continue in the same way until 

we empty all production centers and satisfy the needs of all consumption 

centers. We obtain the following table: 
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Available 

quantities 
            

Consumption centers 

Production centers 

,       - 
       

  

        

  

       

,     - 

  

,     - 

   

,     - 
       

  

      7 

,     - 

        

,     - 

       

  

   

,       - 
     8 

,     - 

     2 

,     - 

      5 

0 

     4 

0 

   

,       - 
 

 ,       - 
,     - ,     - ,     - ,     - Required quantities 

Table No. (6): Initial solution for example (2) 

 

From the previous table we find that: 

     ,     -,      ,     -,      ,     -, 

      ,     -,      ,     -,       ,     -, 

                                 

We have         ,  Therefore        . This means that the 

initial solution satisfies the condition. 

We calculate the cost corresponding to this initial solution and replace it 

with the following cost function: 

                                                  

                                    

We get the cost corresponding to the initial solution: 

   *  ,     -    ,     -                  ,     -

   ,     -                ,     -    ,     -+

 ,         - 

It is the cost corresponding to the initial solution. 

 

 

 

 



NEUTROSOPHIC TRANSPORT AND ASSIGNMENT ISSUES 

 

- 46  -  
 

2.2.3. The cost of transportation, the quantities available in 

production centers, and the quantities required in consumption 

centers. neutrosophic values: 

 

Example (3): 

It is intended to ship a quantity of oil from three stations          to four 

cities             . The quantities available at each station, the 

quantities required in each city, and the cost of transportation in each 

direction are shown in the following table: 

Available 

quantities 
            

Consumption centers 

Production centers 

                              

                               

                                

                         Required quantities 

Table No. (7) Data for example (3) 

Where   is the indeterminacy and we take it as    ,   -. 

Where          is the indeterminacy over the quantities available at the 

stations,    is the indeterminacy over the quantities produced, i.e., 

   ,        - or    *       +, in this example we will take 

   ,    -,   ,   -, and    ,    -             . Is the indeterminacy 

over the quantities available at the stations,    is the indeterminacy over 

the quantities produced, i.e.,    [        ] or    {       }, in this 

example we will take 

   ,   -,   ,    -,    ,   -, and    ,   - 

We get the following table: 
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Available 

quantities             
Consumption centers 

Production centers 

,       -  ,    -  ,     - ,   - ,   -    

,     - ,   - ,   - ,   -   ,     -    

,       - ,    - ,   - ,   - ,   -    

,       -                          

,       - 
,     - ,     - ,     - ,     - Required quantities 

Table No. (8) Data for example (3) 

 

We use the northwest corner method to find an initial solution: 

We start from the North-west corner, that is, opposite the first production 

center and the first consumption center, and put 

   *,     - ,       -+  ,     - thus, we have fulfilled the need of 

the first consumption center from the first production center and it 

remains in the first production center. 

Quantity ,       -  ,     -  ,     -.We move to the right of the cell 

located at the intersection of the first row and the second column and put 

,     -  ,     -  ,     - in it. The quantities available in the first 

production center are equal to zero, and the quantities required in the first 

consumption center are equal to zero, and the second consumption center 

needs ,     -  ,     -  ,     -. We go down to the cell located at 

the intersection of the second row and the second column. We put in it 

   *,     - ,     -+  ,     - ,then we have met the need of the 

second consumer center and the second production center remains 

,     -  ,     -  ,     - . We continue in the same way until we 

empty all production centers and satisfy the needs of all consumption 

centers. We obtain the following table: 

 

 

 

 

 



NEUTROSOPHIC TRANSPORT AND ASSIGNMENT ISSUES 

 

- 48  -  
 

Available 

quantities             
Consumption centers 

Production centers 

,       - 
 ,    - 

  

 ,     - 

  

,   - 

,     - 

,   - 

,     - 

   

,     - 
,   - 

  

,   - 

,     - 

,   - 

,     - 

,     - 

  

   

,       - 
,    - 

,     - 

,   - 

,     - 

,   - 

  

,   - 

  

   

,       -                         

,       - 
,     - ,     - ,     - ,     - Required quantities 

Table No. (9): Initial solution for example (3) 

 

From the previous table we find that: 

     ,     -,      ,     -,      ,     -,  

     ,     -,      ,     -,       ,     -, 

                                 

We have         ,  Therefore        . This means that the 

initial solution satisfies the condition. 

We calculate the cost corresponding to this initial solution and replace it 

with the following cost function: 

                                                  

                                    

We get the cost corresponding to the initial solution: 

   *,   - ,     -  ,   - ,     -  ,     -   ,    -  

 ,     -   ,   - ,     -  ,   - ,     -  ,   -  

 ,   -   ,   -   ,   - ,     -  ,    - ,     -+

 ,         - 

It is the cost corresponding to the initial solution. 
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2.3. The Least- Cost Method: 

This method depends on satisfying the cells with the least cost first, so it 

is better than the northwest corner method. We begin by supplying the 

square with the least cost in the problem as a whole and provide it with 

the order it needs from the inventory corresponding to this cell. We 

continue to fill the cells with the least cost sequentially until we supply all 

centers. Consumption of quantities available in production centers 

 

2.3.1. the cost of transportation is neutrosophic values: 

The cost of transporting one unit from production center  to consumption 

center   is              where     is the indeterminacy of the production 

cost and it may be any neighborhood of the true value    , i.e., 

    [          ]or     {         }. Then the payments matrix becomes 

     [       ] 

 

Example (4): 

It is intended to ship a quantity of oil from three stations          to four 

cities            .The quantities available at each station, the quantities 

required in each city, and the cost of transportation in each direction are 

shown in the following table: 

Available 

quantities 
            

Consumption centers 

Production centers 

    

     

    

     

    

      

    

    

    

   

   
     

    

      

    

       

    

      

    

   

    

     

    

      

    

      

    

     

    

   

             Required quantities 

Table No. (10): Data for example (4) 
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Where   is the indeterminacy and we take it as   ,   -. 

From the data of the problem we note that: 

∑  

 

   

 ∑    

 

   

     

That is, the model is balanced. Substituting   ,   - ,we get the 

following table: 

 

Available 

quantities 
            

Consumption centers 

Production centers 

    ,    - ,     -   ,   - ,   -    

    ,   -     ,   -   ,   - ,     -    

    ,    -   ,   -   ,   -   ,   -    

    

    
            Required quantities 

Table No. (11): Data for example (4) 

 

We use the least cost method to find an initial solution. We notice that the 

least cost is ,   -, which is located in the cell resulting from the 

intersection of the second row and the second column. Therefore, we put 

   *     +     in it. Thus, we have met the need of the second 

consumer center from the production center. The second, and the 

remaining quantity in the second production center is         . We 

move to the least cost among the remaining costs, which is ,   -. We find 

it located in the cell resulting from the intersection of the third row and 

the third column, in which we put    *      +    . Thus, we have met 

the need. The third consumption center comes from the third production 

center, and the remaining quantity in the third production center is 

         . We continue in the same way until we satisfy all 

consumption centers and empty all production centers. We obtain the 

following table: 
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Available 

quantities 
            

Consumption centers 

Production centers 

    

,    - 

   

,     -   ,   - ,   - 

   

   

   
 ,   - 

   

    ,   -   ,   - 

   

,     -    

    ,    - 
  ,   - 

   

  ,   -   ,   - 

   

   

    

    
            Required quantities 

Table No. (12): Initial solution for example (4) 

 

From the previous table we find: 

                        

                        

                              

We have        , Therefore        . This means that the 

initial solution satisfies the condition. 

We calculate the cost corresponding to this initial solution and replace it 

with the following cost function: 

                                                  

                                    

We get the cost corresponding to the initial solution: 

   *,   -    ,   -   ,     -   ,    -    ,     -  

 ,   -    ,   -   ,   -    ,   -    ,   -  

 ,   -    ,    -  +  ,         - 

It is the cost corresponding to the initial solution. 
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2.3.2. The quantities available in production centers and the quantities 

required in consumption centers are neutrosophic values. 

 

Example (5): 

   It is intended to ship a quantity of oil from three stations          to 

four cities           . The quantities available at each station, the 

quantities required in each city, and the cost of transportation in each 

direction are shown in the following table :  

 

Available 

quantities 
            

Consumption centers 

Production centers 

                   

                  

                  

 

 
                        Required quantities 

Table (13) data for example (5) 

 

Where          is the indeterminacy over the quantities available at the 

stations,    is the indeterminacy over the quantities produced, i.e., 

   ,        - or    *       +, in this example we will take 

   ,    -,   ,   -, and    ,    -            . Is the indeterminacy 

over the quantities available at the stations,    is the indeterminacy over 

the quantities produced, i.e.,    [        ] or    {       }, in this 

example we will take 

   ,   -,   ,    -,    ,   -, and    ,   -. 

We get the following table: 
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Available 

quantities 
            

Consumption centers 

Production centers 

,       -             

,     -             

,       -            

,       - 

,       - 
,     - ,     - ,     - ,     - Required quantities 

Table (14) data for example (5) 

 

We note that  ∑    
 
    ∑      

 
    ,       - and therefore the 

model is balanced. 

We use the least cost method to find an initial solution. We note that the 

least cost is zero, and it is located in the cell resulting from the 

intersection of the second row and the second column. Therefore, we put 

   *,     - ,     -+  ,     - in it, thus we have demonstrated the 

need of the first consumption center from the first production center and 

the quantity ,     -  ,     -  ,     - remains in the first production 

center. We move to the least cost among the remaining costs, which is  . 

We find it located in the cell resulting from the intersection of the line. 

The third and third column, we put    *,     - ,       -+  ,     - 

then we have met the need of the second consumer center and the second 

production center remains ,     -  ,     -  ,     - ,we continue in 

the same way until we satisfy all consumption centers and empty all  

production centers. We obtain the following table: 
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Available 

quantities 
            

Consumption centers 

Production centers 

,       - 
  

,     - 

   

  

  

  

  

,     - 

   

,     - 
       

,     - 

      7 

  

     

,     - 

       

  

   

,       - 
8  

  

2  

,     - 

5  

0 

  

,     - 

   

,       - 

 ,       - 
,     - ,     - ,     - ,     - Required quantities 

Table (15) Initial solution for example (5) 

 

From the previous table we find: 

     ,     -,      ,     -,      ,     -, 

     ,     -,      ,     -,       ,     -, 

                                

We have        , Therefore        . This means that the 

initial solution satisfies the condition. 

We calculate the cost corresponding to this initial solution and replace it 

with the following cost function: 

                                                  

                                    

We get the cost corresponding to the initial solution: 

   *  ,     -             ,     -    ,     -     

   ,     -    ,     -        ,     -     +

 ,         - 

It is the cost corresponding to the initial solution. 
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2.3.3. The cost of transportation, the quantities available in 

production centers, and the quantities required in 

consumption centers are neutrosophic values. 

 

Example (6): 

It is intended to ship a quantity of oil from three stations         to four 

cities           . The quantities available at each station, the quantities 

required in each city, and the cost of transportation in each direction are 

shown in the following table: 

 

Available 

quantities 
            

Consumption centers 

Production centers 

                              

                               

                                

                         Required quantities 

Table (16) data for example (6) 

 

Where   is the indeterminacy and we take it as    ,   -. 

Where          is the indeterminacy over the quantities available at the 

stations,    is the indeterminacy over the quantities produced, i.e., 

   ,        - or    *       +, in this example we will take 

   ,    -,   ,   -, and    ,    -            . Is the indeterminacy 

over the quantities available at the stations,    is the indeterminacy over 

the quantities produced, i.e.,    [        ] or    {       }, in this 

example we will take 

   ,   -,   ,    -,    ,   -, and    ,   -. 

We get the following table: 
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Available 

quantities             
Consumption centers 

Production centers 

,       -  ,    -  ,     - ,   - ,   -    

,     - ,   - ,   - ,   -   ,     -    

,       - ,    - ,   - ,   - ,   -    

,       -  

,       - 
,     - ,     - ,     - ,     - Required quantities 

Table (17) data for example (6) 

 

We use the least cost method to find an initial solution: 

We use the least cost method to find an initial solution. We note that the 

least cost is ,   - and it is located in the cell resulting from the 

intersection of the second row and the second column, so we put 

   *,     - ,     -+  ,     - thus, we have met the need of the 

second consumption center from the second production center, and the 

remaining quantity in the second production center is 

,     -  ,     -  ,     -. We move to the least cost among the 

remaining costs, which is ,   -. We find it located in the cell resulting 

from the intersection of the third row and the third column, and we put 

   *,     - ,       -+  ,     -in it. Thus, we have met the need of 

the third consumption center from the third production center, and the 

remaining quantity is in the third production center. 

,       -  ,     -  ,     -We continue in the same way until we 

satisfy all consumption centers and empty all production centers. We 

obtain the following table: 
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Available 

quantities             
Consumption centers 

Production centers 

,       - 
 ,    - 

,     - 

 ,     - 

  

,   - 

  

,   - 

,     - 

   

,     - 
,   - 

,     - 

,   - 

  

,   - 

,     - 

,     - 

  

   

,       - 
,    - 

  

,   - 

,     - 

,   - 

  

,   - 

,     - 

   

,       -                          

     ,       - 
,     - ,     - ,     - ,     - Required quantities 

Table No. (18): Initial solution for example (6) 

 

From the previous table we find: 

     ,     -,      ,     -,      ,     -, 

      ,     -,      ,     -,       ,     -, 

                                 

We have         ,  Therefore        . This means that the 

initial solution satisfies the condition. 

We calculate the cost corresponding to this initial solution and replace it 

with the following cost function: 

                                                  

                                    

We get the cost corresponding to the initial solution: 

   *,   - ,     -  ,   -   ,     -   ,    - ,     -

 ,     -   ,   - ,     -  ,   -   ,   - ,     -

 ,   - ,     -  ,   -   ,   - ,     -  ,    -  +

 ,         - 

It is the cost corresponding to the initial solution. 
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2.4. Vogel’s Approximation Method: 

This method often leads to the optimal solution or to a solution close to it, 

and it is better than the previous two methods. To reach the initial 

solution in this way, we follow the following steps: 

We calculate the difference between the two least unequal costs in each 

row and each column. We take the row and column with the largest 

difference and choose the least cost cell in the chosen row or column and 

work to satisfy the order of the consumption center in which this cell is 

located from the production center it corresponds to. We recalculate the 

difference again. For all columns and rows, we repeat the previous 

process until we meet all the requests of the consumption centers from the 

quantities available in the production centers. 

2.4.1.  the cost of transportation using neutrosophic values: 

The cost of transporting one unit from production center   to consumption 

center   is              where     is the indeterminacy of the 

production cost and it may be any neighborhood of the true value    , i.e. 

    [          ] or     {         } Then the payments matrix 

becomes      [       ]. 

Example (7): 

It is intended to ship a quantity of oil from three stations          to four 

cities            . The quantities available at each station, the quantities 

required in each city, and the cost of transportation in each direction are 

shown in the following table: 

 

Available 

quantities 
            

Consumption centers 

Production centers 

                        

                       

                       

             Required quantities 

Table No. (19): Data for example (7) 
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Where   is the indeterminacy and we take it as    ,   -. 

We get the following table: 

 

Available 

quantities             
Consumption centers 

Production centers 

     ,    -  ,     - ,   - ,   -    

   ,   - ,   - ,   -   ,     -    

    ,    - ,   - ,   - ,   -    

,       -                          

  ,       - 
            Required quantities 

Table No. (20): Data for example (7) 

 

We calculate the difference between the two least unequal costs in each 

row and each column, and here it is not correct for the difference to be 

zero. We take the row and column with the largest difference and choose 

the least cost cell in the chosen row or column and work to meet the order 

of the consumption center in which this cell is located from the 

production center that corresponds to it. We take the largest differences 

and find them to be   and they are present in two cells. We choose one of 

them, let it be column   . Then we choose the cell with the least cost, 

which is opposite the production center   . We saturate this cell and put 

   *     +     in it. Thus, we have met the need of the fourth 

consumer center from the center. In the second productive position, we 

cross out the fourth column, and the remaining quantity in the second 

productive position is         , as in the following table: 
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row 

difference Available 

quantities 
            

Consumption centers 

 

Production centers    

      ,    - ,     - ,   - ,   -    

  
   

  ,   - 

,     - 
,   - ,   - ,     - 

   

      ,    - ,   - ,   - ,   -    

 ,       -                              

,       - 
            Required quantities 

            
  Column teams 

Table No. (21) First differences for example (7) 

 

We recalculate the difference again for all columns and rows except the 

fourth column. We repeat the previous process until we meet all the 

demands of the consumption centers from the quantities available in the 

production centers, empty all the production centers, and satisfy the needs 

of all the consumption centers. We obtain the following table: 
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difference Available 

quantities             
Consumption centers 

Production centers 
         

      
    ,    - ,     - 

,   - 

,     - 

 ,   - 

,     - 

   

      
   

  ,   - 

,     - 
,   - 

,   - 

,     - 
,     -    

      

     ,    - 

   ,   - 

,     - 

,   -      

,   - 

,     - 

   

   ,       -  

,       - 
لكميات المطلوبةا              

              
  

D
if

fe
r
en

ce
 

              
  

               
  

Table No. (22): Initial solution for example (7) 

 

From the previous table we find: 

       ,        ,        , 

        ,        ,         , 

                                 

We have         ,  Therefore        . This means that the 

initial solution satisfies the condition. 

We calculate the cost corresponding to this initial solution and replace it 

with the following cost function: 

                                                  

                                    

We get the cost corresponding to the initial solution: 

   *,   -    ,   -    ,     -   ,    -   ,     -  

 ,   -    ,   -   ,   -    ,   -    ,   -  

 ,   -    ,    -  +  ,         - 

It is the cost corresponding to the initial solution. 
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2.4.2. The quantities available in production centers and the quantities 

required in consumption centers are neutrosophic values: 

 

Example (8):  

A quantity of oil is to be shipped from three stations          to four 

cities            . The quantities available at each station, the quantities 

required in each city, and the cost of transportation in each direction are 

shown in the following table: 

 

Available 

quantities 
            

Consumption centers 

Production centers 

                   

                  

                  

 

 
                        Required quantities 

Table No. (23) Data for example (8) 

 

Where          is the indeterminacy over the quantities available at the 

stations,    is the indeterminacy over the quantities produced, i.e., 

   ,        - or    *       +, in this example we will take 

   ,    -,   ,   -, and    ,    -            . Is the indeterminacy 

over the quantities available at the stations,    is the indeterminacy over 

the quantities produced, i.e.,    [        ] or    {       }, in this 

example we will take 

   ,   -,   ,    -,    ,   -, and    ,   -. 

We get the following table: 

 

 

 

Available             Consumption centers 
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quantities Production centers 

,       -             

,     -             

,       -            

,       - 

,       - 
,     - ,     - ,     - ,     - Required quantities 

Table No. (24) Data for example (8) 

 

We note that ∑    
 
    ∑      

 
    ,       - and therefore the model 

is balanced. 

According to the difference between the two least unequal costs in each 

row and each column, then we take the row and column with the largest 

difference, choose the cell with the least cost in the chosen line or 

column, and work to meet the order of the consumption center in which 

this cell of the production center is located. 

We take the largest differences and find them  , which are located in two 

cells. We choose one of them, let it be column   . Then we choose the 

cell with the least cost, which is opposite the production center   . We 

saturate this cell and put it in it.   *,     - ,     -+  ,     -, thus, 

we have met the need of the fourth consumption center from the second 

production center. We cross out the fourth column and the remaining 

quantity is in the second production center ,     -  ,     -  ,     -.   

As in the following table: 

 

 

 

 

 

 

 

difference Available             Consumption centers 
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quantities Production centers 

  ,       -             

  ,     - 

,     - 

  

,     - 

          

  ,       -                    

 ,       - 

 ,       - 
,     - ,     - ,     - ,     - Required quantities 

            
  difference 

Table No. (26) First differences for example (8) 

We recalculate the difference again for all columns and rows except the 

fourth column. We repeat the previous process until we meet all the 

demands of the consumption centers from the quantities available in the 

production centers, empty all the production centers, and satisfy the needs 

of all the consumption centers. We obtain the following table: 

difference Available 

quantities             
Consumption centers 

Production centers          

      
,       -   

     

,     - 

   

,     - 

   

      
,     - 

    

,     - 

     

,     - 

      

      
,       -   

     

,     - 

         

,     - 

   

   ,       -      

                    

     ,       - 

,     - 

,     - ,     - ,     - Required quantities 

 

              
  

d
if

fe
r
en

ce
 

              
  

               
  

Table No. (27): Initial solution for example (8) 

From the previous table we find: 
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     ,     -,      ,     -,      ,     -, 

     ,     -,      ,     -,       ,     -, 

                                 

We have m       ,  Therefore        . This means that the 

initial solution satisfies the condition. 

We calculate the cost corresponding to this initial solution and replace it 

with the following cost function: 

                                                  

                                    

We get the cost corresponding to the initial solution: 

   *  ,     -    ,     -                  ,     -     

   ,     -    ,     -        ,     -     +

 ,         - 

It is the cost corresponding to the initial solution. 

2.4.3. The cost of transportation, the quantities available in 

production centers and the quantities required in consumption 

centers are neutrosophic values: 

 

Example (9): 

It is intended to ship a quantity of oil from three stations         to four 

cities            . The quantities available at each station, the quantities 

required in each city, and the cost of transportation in each direction are 

shown in the following table: 

Available 

quantities 
            

Consumption 

centers 

Production centers 

                              

                               

                                

       
  

    

            Required 

quantities 

 

Table No. (28): Data for Example (9) 

Where   is the indeterminacy and we take it as    ,   -. 
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Where          is the indeterminacy over the quantities available at the 

stations,    is the indeterminacy over the quantities produced, i.e., 

   ,        - or    *       +, in this example we will take 

   ,    -,   ,   -, and    ,    -            . Is the indeterminacy 

over the quantities available at the stations,    is the indeterminacy over 

the quantities produced, i.e.,    [        ] or    {       }, in this 

example we will take 

   ,   -,   ,    -,    ,   -, and    ,   -. 

We get the following table: 

 

Available 

quantities             
Consumption centers 

Production centers 

,       -  ,    -  ,     - ,   - ,   -    

,     - ,   - ,   - ,   -   ,     -    

,       - ,    - ,   - ,   - ,   -    

,       -                          

     

,       - 

,     - 

,     - ,     - ,     - Required quantities 

 

Table No. (29): Data for example (9) 

 

We calculate the difference between the two least unequal costs in each 

row and each column, and here it is not correct for the difference to be 

zero. We take the row and column with the largest difference and choose 

the least cost cell in the chosen row or column and work to meet the order 

of the consumption center in which this cell is located from the 

production center that corresponds to it. We take the largest differences, 

we find them  , and they are present in two cells. We choose one of them, 

let it be column   , then we choose the cell with the least cost, which is 

opposite the production center   . We saturate this cell and put 

   *,     - ,     -+  ,     -, we have thus fulfilled the need of the 

fourth consumer center from the second production center. We delete the 
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fourth column and the remaining quantity in the second production center 

is ,     -  ,     -  ,     - as in the following table: 

 

difference Available 

quantities             
Consumption centers 

Production centers 
   

  
,       -  ,    - 

 

,     - 

,   - ,   -    

  
,     - 

  ,   - 

,     - 

  ,   - ,   -   

,     - 

   

  
,       -  ,    - 

   ,   - 

 

,   -      

,   - 

   

 ,       -                          

     

,       - 

,     - 

,     - ,     - ,     - Required quantities 

 

            
  difference 

Table No. (30): First differences table for example (9) 

 

We recalculate the difference again for all columns and rows except the 

fourth column. We repeat the previous process until we meet all the 

demands of the consumption centers from the quantities available in the 

production centers, empty all the production centers, and satisfy the needs 

of all the consumption centers. We obtain the following table. 

 

 

 

 

 

 

 

difference Available             Consumption centers 
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         quantities Production centers 

      
,       -  ,    - 

 ,     - ,   - 

,     - 

 ,   - 

,     - 

   

      
,     - 

,   - 

,     - 
,   - 

,   - 

,     - 
,     - 

   

      
,       -  ,    - 

,   - 

,     - 

,   - ,   - 

,     - 

   

   ,       - 

,       - 
,     - ,     - ,     - ,     - Required quantities 

              
  

d
if

fe
re

n
ce

 

              
  

               
  

Table No. (31): Initial solution for example (9) 

 

From the previous table we find: 

     ,     -,      ,     -,      ,     -,  

     ,     -,      ,     -,       ,     -, 

                                 

We have         ,  Therefore        . This means that the 

initial solution satisfies the condition. 

We calculate the cost corresponding to this initial solution and replace it 

with the following cost function: 

                                                  

                                    

We get the cost corresponding to the initial solution: 

   *,   - ,     -  ,   - ,     -  ,     -   ,    -  

 ,     -   ,   - ,     -  ,   -   ,   - ,     -

 ,   - ,     -  ,   -   ,   - ,     -  ,    -  +

 ,          - 

It is the cost corresponding to the initial solution. 
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Chapter III 

The optimal solution for neutrospheric 

transport models based on an initial solution 

 

3.1. Introduction. 

3.2. The Stepping-Stone Method. 
3.3. Modified Distribution Method. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.1. Introduction: 
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After obtaining an initial neutrosophic solution using the methods 

presented in the second chapter, we must test this solution whether it is 

the optimal solution or not. If it is the optimal solution, then we have 

reached what is required, but if the solution is other than that, we must 

search for the optimal solution. Based on this, there are several methods 

from which we study in this book the following two methods: 

 The Stepping-Stone Method. 

 Modified Distribution Method. 

3.2. The Stepping - Stone Method: 
a. We find the initial solution using one of the methods mentioned in 

Chapter Two, then we calculate the total cost according to the initial 

solution. 

b. We identify the basic variables from the non-basic variables from 

the preliminary solution table. 

c.  We determine the indirect cost by finding closed paths, as each 

closed path has its beginning and end as a non-basic variable and 

consists of horizontal and vertical lines whose pillars are basic 

variables, as it happens that there are two basic variables in the way 

of the path, so we deviate from the basic non-basic variable and in 

general the closed path represents in the following form: 

 

+ - 

+ - 

+ 

+ 

+ 

- 

-

 

- 

Figure N0. (1): A representation of c path ways 
 

              Non- Basic variable 

         Basic variables 
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We calculate the indirect cost of each non-basic variable by giving the 

cost of the non-basic variable a positive sign, and the cost of the basic 

variables we give it alternating negative and then positive signs, and so 

on. Of the basic variables are positive or zero, this means that the solution 

that we got is an optimal solution and we stop. But if at least one of the 

indirect costs is negative, then we must develop the solution by choosing 

one of the non-basic variables to become basic and the exit of one of the 

basic variables. 

 

Note: 

To determine the basic internal variable, we take the non-basic variable 

that achieved the most negative in the indirect cost, and in order to make 

the solution the best possible, we try to pass in it the largest possible 

amount, we explain the above through the following example: 

 

Example: 

 The following table represents the cost of transporting goods from 

sources     ;           to distribution centers      ;           it is 

required to use the mobile quarantine method to improve the solution and 

obtain the ideal solution: 

 

Available 

quantities 
 

   
 

   
 

   
consumption center  

production centers 

051 1 4 2    

211 *   + *   + *     +    

525 4 2 6    

25 9 7 0    

077 

711 
211 521 081 required quantities 

Table No. (1) Issue data  

 

In this example the cost of transportation the product at the production 

center    has neutrosophic values we take it form     {    
    

}   
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The solution: 

We find the initial solution using the least cost method; we get the 

following preliminary solution table: 

Available 

quantities 
 

   
 

   
 

   
consumption centers 

production centers 
150 1 

150 
4 2    

211 *   + *   + 

200 
*     +    

325 4 

50 
2 

120 
6 

155 
   

25 9 7 0 

25 
   

700 

700 
200 320 180 required quantities 

Table No (2) preliminary solution 

We note that the number of occupied squares is equal to         

The total transportation cost according to the preliminary solution is: 

    *      *   +                           + 

For               

For               

That is, against this preliminary solution, we have a neutrosophic value 

for the total transportation cost:  

    *         + 

Now we see whether this solution is an optimal solution or not? 

For this we define basic variables and non-basic variables, it is clear that 

the basic variables are: 

                               

and the non-basic variables are: 

                               

We have six basic variables and six non-basic variables, so we get six 

closed paths: 
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𝑥   
+ 

 

𝑥   
- 

𝑥   
+ 

 

𝑥   
- 

𝑥   
+ 

 

𝑥   
- 

𝑥   
+ 

 

𝑥   
- 

𝑥   
+ 

 

𝑥   
- 

𝑥   
+ 

 

𝑥   
- 

𝑥   
+ 

 

𝑥   
- 

𝑥   
+ 

 

𝑥   
- 

𝑥   
+ 

 

𝑥   
- 

𝑥   
+ 

 

𝑥   
- 

𝑥   
+ 

 

𝑥   
- 

𝑥   
+ 

 

𝑥   
- 

Figure No. (2) Possible closed paths after finding the initial solution 

The non- basic variables green  
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The following table shows how the path is formed: 

 

Available 

quantities 

 

   
 

   
 

   
consumption center 

production centers 

051 1 
051 

4 2    

211 *   + *   + 
211 

*     +    

525 4 
51 

2 
021 

6       
055 

   

25 9 7 0 
25 

   

711 
711 

211 521 081 required quantities 

Table No (3) Closed path identification 

 

We calculate the indirect cost, we find: 

From the previous table and according to the drawn path, we explain 

how to calculate the indirect cost: 

 We start from the cell (    ) we have the cost       , we take 

it with a positive sign because it is the cell of the non-basic 

variable. 

 In the cell  (    ) we have the cost       we take here the 

minus sign and the variable in this cell is definitely a basic 

variable  

 Then to the cell  (    )we have the cost       , we take here 

the sign is positive, and the variable in this cell is definitely a 

basic variable. 

 Then to the cell (    ) we have the cost         we take here 

the minus sign, and the variable in this cell is definitely a basic 

variable,  

therefore, the indirect cost of the non- basic variable      is:  
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in the same way, we calculate the cost for all non-essential variables we 

find: 

              

    *     +  *   +      *               + 
      *   +      *   +  *       + 

               
               

We note that the indirect cost corresponding to the basic variable      is a 

negative amount and it is the only one, so we enter this variable, and it 

becomes one of the basic variables and we exit instead of      .  

We notice that we can pass the quantity         , then it becomes: 

     ,          ,        

 

We get the following table: 

 

Available 

quantities 
 

   
 

   
 

   
consumption center 

production centers 

051 1 
051 

4 2    

211 *   + *   + 
45 

*     + 
055 

   

525 4 
51 

2 
275 

6 
 

   

25 9 7 0 
25 

   

711 
711 

211 521 081 required quantities 

Table No (4)   the first improvement 

 

We note that the transportation cost is according to the previous solution: 
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    (      *     +      *   +                    ) 

 

For                         

For                         

For                             

For                             

Therefore: 

    *                           + 

 

      *                           + 

         *         + 

 

 This solution is better than the previous one, the question now is whether 

this solution is the optimal solution, for this we define the basic variables 

and the non-basic variables we find: 

The basic variables are: 

                               

The non- basic variables are: 

                               

We have six basic variables and six non-basic variables, so we get six 

closed paths; we form the closed paths for the six non- basic variables: 
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- 

𝑥   
- 
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- 

Figure No. (3) Possible closed paths after the first optimization 

The non- basic variables green  

 

𝑥   
- 

 

𝑥   
+ 
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We calculate the indirect cost: 

 

           *   +      *   + 

              

          *   +  *     +  *           + 
      *   +  *     +    *           + 

          *   +  *     +    *           + 
 

We note that the indirect cost for each non- basic variable is positive, and 

therefore we cannot introduce any non- basic variable to the basic rule, 

i.e., the solution that we obtained in the first improvement is an optimal 

vinegar, and the minimum transportation cost is the one that we obtained 

previously: 

Therefor the optimal solution is: 

 

         ,            ,         ,          ,          ,          

 

The minimum cost of transportation is: 

 

    *                           + 

 

It is a neutrosophic value that can be any element of the set, 

 

*                           + 
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The second method: 

3.3. Modified Distribution Method:  

This method is another method of finding the optimal solution for 

transportation issues, and it is similar to the previous method (the mobile 

stone method). Conjunction. 

To find the optimal solution to the transportation issue according to this 

method, we use the following steps: 

1. We find the initial solution in one of the previously mentioned 

ways. 

2. We define the essential variables and non-basic variables for the 

solution. 

3. We associate with each row   multiplied by   , and with each 

column    multiplied, we call it     , so it is: 

 For each basic variable,    we have: 

                       ( ) 

Where     is the cost from    to   : 

Since the number of basic variables is      , we get the       

equation from the previous figure ( ) and by solving these equations we 

must find the values of        which have     , so we must give one 

of these multipliers an optional value, Then we solve these equations 

according to this value. 

After we find the values      , for each non-basic variable     we 

calculate the quantities: 

               

In a similar way to the moving stone method, but if one of these quantities 

is negative, then we must introduce a non-basic variable to the set of basic 

variables and output instead a basic variable, and the primary variable 

entered is chosen in the same previous way: 

 

Example: 

 Let's take the previous example, where we found the preliminary solution 

according to the cost method: 
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Available 

quantities 

         consumption center 

production centers          

051 1 
051 

4 2       

211 *   + *   + 
211 

*     +       

525 4 

50 
2 

021 
6 

055 
      

25 9 7 0 
25 

      

711 
711 

211 521 081 required quantities 

Table No (5) the preliminary solution 

 

Transportation cost is:         

Basic variables: 

                               

Non- basic variables: 

                               

 

Multipliers is               and               . 

For basic variables, we have: 

For       we have            

For      we have         *   + 

For       we have            

For       we have            

For       we have            

For       we have            

It is six equations with seven unknowns. To solve them, we impose 

    , so we find the rest of the variables: 
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For non-basic variables, we have: 

                               

 

For       
 it is:   ̅                     

For      it is:   ̅                     

For      it is:   ̅̅̅̅
    (         )  *     +      *        + 

For      it is:   ̅̅̅̅
    (         )  *   +      *    + 

For       it is:   ̅                      

For      it is:   ̅                      

 

We note that the quantity   ̅̅̅̅
    *       + is a negative value, and 

therefore the initial solution that we got is not an optimal solution, and we 

must develop this solution, and for that, we form the closed path for the 

non -basic variable     , so we find it from the shape: 

 

 

We enter     into the set of basic variables, by giving it the value 

        , and we remove the variable     so it becomes a non-basic 

𝑥   
+ 

 

𝑥   
- 

𝑥   
+ 

𝑥   
- 

Figure 4: Possible closed pathways for the non-basic variable 𝒙𝟐𝟏  
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variable, and then it becomes         and         , so we get the 

following table: 

 

Available 

quantities 

         consumption center 

production centers          

051 1 
051 

4 2       

211 *   + *   + 
45 

*     + 
055 

      

525 4 

50 
2 

275 
6       

25 9 7 0 
25 

      

711 
711 

211 521 081 required quantities 

Table No (6) the first improvement 

 

The new transfer cost is: 

 

    *                           + 

  

      *                           +          *         + 

 

This solution is better than the previous solution, but is it the optimal 

solution? 

For basic variables, we have: 

For      we have           

For      we have           

For      we have           

For       we have           

For       we have           
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For       we have           

 

We assume      and solve the system of equations we find: 

 

     ,       ,      ,      

      ,        ,  ,      , 

 

For non-basic variables: 

 

For       it is:   ̅                    

For     it is:   ̅                     

For     it is:   ̅                    

For     it is:   ̅̅̅̅
    (         )  *   +      *   + 

For       then:   ̅                     

For      it is:   ̅                     

 

We note that all quantities   ̅  are positive quantities, so the solution that 

we got is an optimal solution, and the minimum cost of transportation is: 

 

    *                           + 

 

      *                           +          *         + 
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Therefor the optimal solution is: 

         ,            ,         ,          ,          ,          

The minimum cost of transportation is: 

 

    *                           + 

 

It is a neutrosophic value that can be any element of the set,  

 

*                           + 
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Chapter IV 

The fourth chapter shortest time neutrosophic 

transport models 

 

4.1. Introduction. 

4.2. Formulate the neutrosophic transport problem in the 

shortest time. 

4.3. Building the mathematical model. 

4.3.1. The balanced model. 

4.3.2. The unbalanced model: 

4.3.2.1. A case of surplus production. 

4.3.2.2. A production deficit. 

4.4. Building a mathematical model for neutrosophic transport 

models with the shortest time. 

4.5. A special method to find the optimal solution for 

neutrosophic transport models in the shortest time. 
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4.1. Introduction: 

The time factor plays an important role in many issues, and the most 

important of these issues is the issue of transportation. When we need to 

transport perishable materials such as milk, medicines, blood... or develop 

military plans to secure battle necessities of ammunition, food, and 

soldiers... At maximum speed, we need an accurate scientific study to be 

able to avoid losses, so the researchers studied transportation models in 

the shortest possible time using classical values, and the ideal solution for 

such models is a specific value that is subject to increase or decrease 

because nothing is certain in real reality. The results of the studies are 

related to the circumstances surrounding the system under study. Given 

the sensitivity of these issues, they had to be reformulated according to 

science that accounts for all the situations that the system may go through 

so that we can take all possible precautions that help us reduce losses and 

secure what is required in the shortest possible time. 

 

4.2. Formulate the neutrosophic transport problem in the 

shortest time: 

Text of the issue: 

Model of transporting materials in the shortest possible time using 

neutrosophic values: 

Based on the study contained in the research [19], we can formulate 

the issue as follows: 

The text of the issue in general form: 

 

Suppose we want to move a material from production centers    where 

          ,whose production capacities are respectively 

             , to consumption centers    where           whose 

needs are               It is in order, and let the matrix of times 

necessary to transfer the appropriate quantity from the center   to the 

center   be known and equal    [    ], it is required to formulate the 

appropriate mathematical model to transfer all the quantities ,available in 

the production centers and meet the needs of all consumption centers in 



NEUTROSOPHIC TRANSPORT AND ASSIGNMENT ISSUES 

 

- 87  -  
 

the shortest time. To build the appropriate mathematical model, we 

denote       for the quantity transferred from the production center   

where             to the consumption center j where            , 

then we can put the problem unknowns in matrix form.    [    ] , 

and we put the information in the question in a table as follow: 

 

quantities    
  

         
consumption   

production  

         

     

       

     

     

     

     

     

   

         

     

       

     

     

     

     

     

   

         

     

       

     

     

     

     

     

   

              

         

     

 

  

     

     

     

     

     

     

   

                   Required quant 

Table No. (1) Data of the issue of transport in the shortest time 

 

4.3. Building the mathematical model: 

To build the appropriate mathematical model, we distinguish two cases: 

4.3.1. the model is balanced: 

The model is balanced if:  

∑   

 

   

 ∑     

 

   

 

 

4.3.2. Unbalanced Model: 

The model is unbalanced if: 
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∑   

 

   

 ∑     

 

   

 

From this case, two cases result: 

4.3.2.1. Overproduction: 

∑   

 

   

 ∑     

 

   

 

 

This model is returned to a balanced model by adding an imaginary 

consumer center that needs it:  

      ∑   

 

   

 ∑     

 

   

 

4.3.2.2. Deficit in production: 

This model is returned to a balanced model by adding a fictitious 

production center with a production capacity:  

      ∑   

 

   

 ∑     

 

   

 

In both cases(      ), a case of surplus production and a deficit in 

production, we get a balanced model. 

 

4.4. Formulation of the mathematical model of transport 

models in the shortest possible time:  

Our symbol for the quantity transferred from the center   to the center   

with the symbol      then these variables must meet the following 

conditions:  

∑    

 

   

             (            ) 

∑    

 

   

            (            ) 

         (             )  (            ) 
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In these models, the objective function cannot be formulated with a 

mathematical follower, so we extract its most important qualities and 

properties through the following discussion: 

To find the optimal solution for any transport model, we must find the 

values of unknowns: 

       (            )  (            ) 

In the second chapter, we presented methods for finding the initial 

solution to transportation issues, we know that any optimal solution is 

includes n+m-1 basic variable that are not equal to zero and against this 

solution there is a set of times that we will symbolize as [    ] . 

It represents the time required to transport all materials available in all 

production centers and meet the needs of all consumption centers. 

The time required to finish the transfer process, which we will symbolize 

as corresponding to the largest element of the matrix 
 

[    ] 
 must 

achieve the following relationship: 

          [    ]  

Since we have many acceptable solutions, the optimal solution is given by 

the following relationship: 

   
            (      [    ] ) 

This means that we solve the model without a target function we get a 

base solution and then we determine the number set from the matrix 

[    ]  corresponding to this base solution. 

Note 1:  

If the issue is unbalanced and when adding an imaginary production 

center or an imaginary consumer center, we determine the time according 

to the following: 

Since the time required to finish the transfer process achieves the 

following relationship: 

          [    ]  

So we take the time required to transfer the quantities available in this 

imaginary production center to all consumption centers equal to zero. 

And we take the time required to transport quantities from all production 

centers to the imaginary consumer center is equal to zero. 
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Note 2: 

For the transport model to be a neutrosophic transport model, at least one 

of the data in Table 1 must be a neutrosophic value. 

 

4.5. A special method to find the optimal solution for 

neutrosophic transport models in the shortest time: 

The general method used to obtain the smallest transfer time is to move 

from one neutrosophic base solution to another base solution using the 

simplex method. 

and the goal is to make the largest elements     in the matrix     

[    ]  as small as possible.  

In this chapter, we will use a special method to solve neutrosophic 

transport models according to time, which we explain through the 

following example:  

Example:  

Four pharmaceutical plants distribute their production of one type to three 

pharmacies the available quantities, the quantities required, and the times 

required to transport them are shown in the following table: 

Required 

quantities 
         

Consumption center     

Production centers  

     

     

,      - 

     

,      - 

     

   

  ,      - 

     

  

     

,      - 

     

   

   ,      - 

     

   

     

,      - 

     

   

   ,      - 

     

  

     

   

     

   

   

   
         Available quantity 

Table No. (2) Example data 
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We look for the smallest time in the cells (   ), we find that it is found in 

two cells  (   ) and (   ) :  

   (    )            ,     -  

 

 We denote b.i    for all table stone except the two cells (   ) and (   ) 

 We saturate the two chambers opposite them (   )     (   ) then we 

put in the other stone ( ) we get the following table:  

Required 

quantities 
  

 

consumption    

   production 

             

           

            

           

      

   

         Available quantities 

Table No. (3) First Step 

 

The first solution is     
( )

        
( )

   which expresses the total 

quantities transferred and is equal to              it crosses a 

quantity less than the quantity required for that time solution from which 

we started and the author of           ,     - is an imperfect 

solution to the problem at hand. 

From the elements of the sat   , where    equals:  

 

   * ,      - ,      -    ,      -          ,      - ,      - + 

 

We look for the smallest time we find:  

 

   
  

(    )     *,      - ,      -    ,      -          ,      - ,      -+

 ,      - 
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Any smallest time is this      ,      - means that we must transfer the 

quantities available in the production center    to the consumption center 

   and this is not possible because the center    no longer contains any 

quantity and therefore this step is not useful. 

We form the sat:  

   * ,      - ,      -             ,      - ,      - + 

 

 Is the resulting    after deleting      ,      - and we choose from    

the smallest time we find: 

 

   
  

(    )     *,      - ,      -             ,      - ,      -+

 ,      - 

 

Any smaller time is this      ,      - ,means that we have to transfer 

the quantities available in the production center    to the consumption 

center    and this is not possible because the center    no longer contains 

any quantity and therefore this step is also not useful. 

 

We form: 

   *,      -             ,      - ,      - + 

The sat, which is the resulting, sat    after deleting      ,      - and 

choosing from the    smallest time we find: 

 

   
  

(    )     *,      -             ,      - ,      -+  ,      - 

 

Any smallest time is      ,      - this means that we must transfer the 

quantities available in the production center    to the consumption 

center    i.e. we put         and therefore we must shift the amount in 

the cell (   ) with the same time ,      - to a cell with  a time 

immediately followed and located in the same row i.e. to the cell 

(   ) with the same time ,      - and we put      . 
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Then we make a balance process for the quantities that have been 

distributed and here we must reduce the quantity in the cell (   ) 

becomes       and we put the quantity that has been reduced in the cell 

with the lowest time immediately following the time in that cell and in the 

same row,  i.e in the cell (   ) we get       from this step we get the 

following distribution:  

 

        ،                      

 

But this solution is not ideal because the sum of the quantities that were 

distributed is not equal to the    total quantities available, that is, the time  

     ,      -  Not the shortest time, we proceed in the same way in the 

eighth time to reach the distribution shown in the following table: 

Required 

amounts 
         

consumption    

   production 

             

           

            

           

   

   
         Available quantities 

Table No. (4) Optimal Solution 

 

In return for    (    )       ,      -  this time, the entire quantities 

available in the production centers have been transferred and the needs of 

all consumer centers have been met, the ideal solution is: 

 

      ,                                     

 

The rest of the variables is equal to zero, and the shortest time is: 

 

         ,      - 
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It should be noted that the same example was presented and solved 

according to classical logic, and the data of the problem were as in the 

following table:  

The available quantities, the quantities required, and the times required 

for their transportation are shown in the following table: 

Required 

amounts 
         

consumption   

   production  

     

     

  

     

  

     

   

    

     

  

     

  

     

   

     

     

   

     

  

     

   

    

     

  

     

   

     

   

   

   
         Available amounts 

Table No. (5) Example data according to classical logic 

 

The optimal solution was as follows:  

Time     (   )         and in exchange for this time, the entire 

quantities available in the production centers have been transferred and 

the needs of all consumer centers have been met, the best solution is: 

       ,                                    

The rest of the variables is equal to zero, and the shortest time is 
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Chapter V 

Optimal allocation Neutrosophic and 

Hungarian method 

 

5.1. Introduction. 

5.2. Standard allocation issues: 

5.3. Formulation of the standard Neutrosophic assignment 

problem of the minimization type. 

5.4. Building a mathematical model for the standard allocation 

problem (data are classical values). 

5.5. Building a mathematical model for the standard allocation 

problem (data are neutrosophic values). 

5.6. Hungarian neutrosophic Method. 

5.7. Standard allocation problem and cost neutrosophic values. 

5.8. Steps of the Hungarian method. 

5.9. Important notes. 
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5.1. Introduction: 

Allocation issues are a special case of linear programming issues 

concerned with the optimal allocation of various economic, productive, 

and human resources to the various work to be accomplished, and we 

encounter them frequently in practical life in educational institutions - 

hospitals - construction projects... etc. To obtain an optimal allocation that 

achieves the greatest profit and the least loss in all conditions that the 

working environment can pass through. In this chapter, we present the 

issue of optimal neutrosophic allocation and the Hungarian neutrosophic 

method. 

 

5.2. Standard assignment issues: 

In these issues, the number of machines or people equals the number of 

works, which we will address in this research. 

 

5.3. Text of the minimum cost type neutrosophic normative 

assignment problem: 

If we have   machines, we denote them by               and we 

have a set of works consisting of   different work we denote them by  

              we want to designate the machines to do these jobs, cost 

of doing any work    on the device  , it is               . Assuming any 

machine can do only one job, it is required to find the optimal assignment 

so that the cost is as small as possible. 

Formulation of the mathematical model: 

To formulate the linear mathematical model, we assume: 

 

    {
                                                       
                                                                            

 

 

Then write the target function as follows: 

 

   ∑ ∑ (         )   
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Conditions for machines: 

Since each machine accepts only one action, we find: 

 

∑                        
 

   
 

Business terms: 

Since each work is assigned to only one machine, we find: 

∑                       
 

   
 

Accordingly, the neutrosophic mathematical model is written as follows:  

Find the minimum value: 

   ∑ ∑ (         )   

 

   

 

   
 

Machine terms: 

∑                       
 

   
 

Business terms: 

∑                       
 

   
 

 

5.4. Formulation of the mathematical model for the 

problem of standard assignment of minimum cost: 

Example 1: (The data are classic values). 

We want to find the optimal assignment for four jobs on four machines. 

The cost of assignment is given in the following table: 

 

               Business 

The machines 

            

           

           

           

Table No. (1) Table of Distribution cost table and classic values 
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To formulate the linear mathematical model: 

 We impose: 

     { 
                                     

                                                
   

                 
 

Using the problem data, we get the following objective function: 

 

                                               

                                  

Machine terms: 

                  

                  

                  

                  

Business terms: 

                  

                  

                  

                   

 

Therefore, the mathematical model is written as follows: 

Find the minimum value of the function: 

                                               

                                  

Within the conditions: 
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Where       it is either equal to zero or one. 

In the previous model, there is some indeterminacy in the assignment 

process, as we do not know which machine will perform a certain work. 

In addition to that, we will also use neutrosophic data. We will take the 

cost of neutrosophic values, i.e. the cost of assignment machine    to 

perform work    is               , where      is the indeterminacy and 

    [          ], which is any neighborhood  to the value       then the 

cost matrix becomes      [         ]. 

5.5. Building a mathematical model for the standard 

allocation problem (data are neutrosophic values): 

Example 2: (Cost is neutrosophic values): 

We want to find the optimal assignment for four jobs on four machines. 

The cost of assignment is given in the following table: 

               Business 

The machines 

                            

                               

                           

                           

Table No. (2) Table of allocation cost of neutrosophic values 

 

Where     is the limitation on the costs of assignment and it can be any 

neighborhood of the values contained in Table No. (1)  

To formulate the linear mathematical model, we assume: 

     {
                                                       
                                                                             

             

Using the problem data, we get the following objective function: 

   *(      )    (     )    (     )    (     )   

 (     )    (     )    (       )    ( 

    )    (     )    (     )    (     )   

 (     )    (     )    (     )    ( 

    )    (     )   + 
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Machine terms: 

                  

                  

                  

                  

Business terms: 

                  

                  

                  

                   

 

Therefore, the mathematical model is written as follows: 

Find the minimum value of the function: 

 

   *(      )    (     )    (     )    (     )   

 (     )    (     )    (       )    ( 

    )    (     )    (     )    (     )   

 (     )    (     )    (     )    ( 

    )    (     )   + 

 

Within the conditions: 
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Where       it is either equal to zero or one. 

Since the number of works is equal to the number of machines, the issue 

is a standard assignment issue, and the optimal solution can be obtained 

using several methods, including the Hungarian method in this research. 

This method was named after the scientist who created it, a mathematician 

D. Konig. Its principle depends on finding the total opportunity - cost 

matrix, references . 

5.6. Hungarian neutrosophic Method: 

Explanation of the method based on what was stated in the reference: 

This method is based on a mathematical property discovered by the 

scientist D. Konig. 

  If the cost is non-negative values, then subtracting or adding a fixed 

number of elements of any row or any column in the standard allocation 

cost matrix does not affect the optimal assignment, and specifically does 

not affect the optimal values     . 

The algorithm begins by identifying the smallest element in each row and 

subtracting it from all the elements of the row, or by selecting the smallest 

element in each column and subtracting it from all the elements of that 

column, we get a new cost matrix that includes at least one element equal 

to zero in each row or column. We do the assignment process using cells 

with a cost equal to zero. If possible, we have obtained the optimal 

allocation. For this assignment, the cost elements (   ) are non-negative, 

so the minimum value of the objective function cannot be 

∑ ∑    
 
   

 
       is less than zero. 

 

We will use the above to find the optimal assignment for the problem 

in Example 2 based on the following information: 

Taking the indeterminacy        ,    -, the problem becomes: 
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5.7. Standard allocation problem and cost neutrosophic 

values: 

Example 3: 

We want to find the optimal assignment for four jobs on four machines. 

The cost of assignment is given in the following table: 

               Business 

The machines 

,     - ,     - ,     - ,     -    

,     - ,     - ,    - ,    -    

,    - ,   - ,   - ,    -    

,     - ,     - ,    - ,    -    

Table No. (3) Table of Example data 

 

To formulate the linear mathematical model: 

We assume: 

     {
                                                       

                                                                                
             

Using the problem data, we get the following objective function: 

   *,     -    ,     -    ,     -    ,     -    ,    -   

 ,    -    ,     -    ,     -    ,    -   

 ,    -    ,    -    ,    -    ,    -   

 ,    -    ,     -    ,     -   + 

Machine terms: 

                  

                  

                  

                  

Business terms: 
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Therefore, the mathematical model is written as follows: 

 

Find the minimum value of the function: 

 

   *,     -    ,     -    ,     -    ,     -    ,    -   

 ,    -    ,     -    ,     -    ,    -   

 ,    -    ,    -    ,    -    ,    -   

 ,    -    ,     -    ,     -   + 

 

Within the conditions: 

                  

                  

                  

                  

                  

                  

                  

                   

 

Where       it is either equal to zero or one. 

  

Solution using the Hungarian method: 

From the table Number 3 we find the following: 

 

            
Business 

The machines 

,     - ,     - ,     - ,     -    

,     - ,     - ,    - ,    -    

,    - ,   - ,   - ,    -    

,     - ,     - ,    - ,    -    

Table No. (4)  
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To form the opportunity cost matrix for the rows, we do the 

following: 

We form the opportunity cost matrix for the rows as follows: 

In the first row, the lowest cost is ,     -  we subtract it from all the 

elements of the first row. 

In the second row, the lowest cost is,    -, we subtract from all elements 

of the second row. 

In the third row, the lowest cost is,   - , we subtract it from all elements 

of the third row. 

In the fourth row, the lowest cost is,    -, we subtract from all elements 

of the fourth row. 

We get the opportunity cost matrix for the following rows: 

 

               Business 

The machines 

           

           

           

           

Table No. (5) Table of Total opportunity cost matrix table 

 

We try to make the assignment using cells with cost equal to zero we 

find: 

 

Dedicate the machine    to get the job   done. 

Dedicate the machine    to get the job   done. 

Dedicate the machine    to get the job    done. 

Dedicate the machine    to get the job    done. 
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Thus, we have obtained the optimal assignment and the minimum 

cost: 

   *,     -    ,     -    ,     -    ,     -    ,    -

   ,    -    ,     -    ,     -    ,    -   

 ,   -    ,    -    ,    -    ,    -   

 ,    -    ,     -    ,     -   + 

 

   ,     -  ,    -  ,    -  ,    -  ,      - 

That is, the optimal allocation is: 

Dedicate the machine    to get the job    done. 

Dedicate the machine   to get the job   done. 

Dedicate the machine    to get the job    done. 

Dedicate the machine    to get the job    done. 

The cost:     

   ,      - 

 

5.8. Steps of the Hungarian method: 

The Hungarian method is summarized based on what was stated in the 

reference: 

1- We determine the smallest element in each row and subtract it from 

the rest of the elements of that row. 

 Thus, we get a new matrix that is the opportunity cost matrix for the 

rows. 

2- We determine the smallest element in each column of the opportunity 

cost matrix for the rows and  

Subtract it from the elements of that column.  Thus, we get the total 

opportunity cost matrix. 

3- We draw as few horizontal and vertical straight lines as possible to 

pass through all zero elements of the total opportunity cost matrix. 

4- If the number of the straight lines drawn passing through the zero 

elements is equal to the number of rows (columns). Then we say that 

we have reached the optimal assignment. 

5- If the number of straight lines passing through the zero elements is 

less than the number of rows  

(Columns). Then we move on to the next step. 
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6- We choose the lesser element from the elements that no straight line 

passed through and subtract it from all the elements that no straight 

line.  Then we add it to all the elements that lie at the intersection of 

two lines. The elements that the straight lines passed through remain 

the same without any change. 

       We get a new matrix that we call it the modified total opportunity 

cost matrix. 

7- We draw vertical and horizontal straight lines passing through all the 

zero elements in the modified total opportunity cost matrix.  If the 

number of straight lines drawn passing through the zero elements is 

equal to the number of rows (columns). Then we have reached the 

optimal assignment solution. 

8- If the number of the lines is not equal to the number of rows 

(columns). We go back to step (1), we  

Repeat the previous steps until reaching the optimal assignment that 

makes the total opportunity cost equal to zero. 

 

Example 4: 

We have three machines           and three works          and each 

work is done completely using any of the three machines and in return 

each machine can perform any of the three works as well. What is 

required is to allocate these mechanisms to the existing works so that we 

get the optimal assignment , i.e. the assignment that gives us here the 

minimum total cost, bearing in mind that the costs of completing these 

works vary according to the different mechanisms implemented for these 

works, and this cost is related to the performance of each work and is 

shown in the following table: 

 

            Business 

The machines 

,     - ,     - ,     -    

,     - ,     - ,     -    

,     - ,     - ,     -    

Table No. (6) Table of allocation cost neutrosophic values example data 
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Mathematical model: 

Find the minimum value of the function: 

 

   *,     -    ,     -    ,     -    ,     -   

 ,     -    ,     -    ,     -    ,     -   

 ,     -   + 

 

Within the conditions: 

              

              

              

              

              

              

 

Where     it is either equal to zero or one. 

 

Finding the optimal assignment using the Hungarian ethod: 

We take Table No. (5) 

 

            Business 

The machines 

,     - ,     - ,     -    

,     - ,     - ,     -    

,     - ,     - ,     -    

Table No. (7) 

1.  

In the first row, the lowest cost is ,     -, which we subtract from all the 

elements of the first row. 

In the second row, the least cost is ,     - and we subtract it from all the 

elements of the second row. 
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In the third row, the lowest cost is ,     -, which we subtract from all the 

elements of the third row. 

We get the opportunity cost table for the following rows: 

 

            Business 

The machines 

          

         

         

Table No. (8) Table of opportunity cost matrix for lines 

2.  

In the first column, the lowest cost is   we subtract it from all the items in 

the first column. 

In the second column, the lowest cost is   we subtract it from all the items 

in the second column. 

In the third column, the lowest cost is   we subtract it from all the items 

in the third column. 

We get the table: 

            Business 

The machines 

          

         

         

Table No. (9) Table of total opportunity cost matrix 

 

3. We draw as few horizontal and vertical straight lines as possible to 

pass through all zero elements of the total opportunity cost matrix. 

4. If the number of straight lines drawn passing through the zero 

elements is equal to the number of rows (columns), then we say 

that we have reached the optimal assignment. 
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5. If the number of straight lines passing through the zero elements is 

less than the number of rows or columns, then we move on to the 

third step. 

 

            Business 

 The machines 

          

         

         

Table No. (10) Total Opportunity Cost Matrix 

 

     We Note that the number of lines is less than the number of rows 

(columns).    

         Therefore, we go to (6). 

6.    

a. We choose the lowest element through which no straight line 

has passed. Smallest element is (3). 

b. We subtract it from the rest of the elements through which 

none of the lines drawn are passed. 

c.  We add it to all the elements at the intersection of two straight 

lines drawn. 

d.  Elements through which straight lines pass remain unchanged. 

e.  We draw vertical and horizontal straight lines passing through 

all zero elements of the adjusted total opportunity cost matrix, 

and we get: 

 

            Business 

The machines  

         

         

         

Table No. (11) Modified Total Opportunity Cost Matrix 
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7. If the number of drawn lines is equal to the number of rows 

(columns), then we have reached the optimal assignment. 

From Table No. (8), we note that the number of drawn lines is 

equal to the number of rows, meaning that we have obtained 

the optimal assignment, which is as follows: 

In the third column, we have zero only in the cell that is     , 

so the third machine is used to perform the third work. 

      

We delete the third row and the third column, and we get the 

following table: 

         Business 

The machines 

       

       

Table No. (12)  

In the same way. The first machine is used to perform the second work, 

       . 

  The second machine used to perform the first work,      . 

 

The minimum total cost is: 

   *,     -    ,     -    ,     -    ,     -

   ,     -    ,     -    ,     -

   ,     -    ,     -    + 

   ,     -  ,     -  ,     -  ,     - 

 

That is, the optimal assignment is: 

 

Machine     is assigned to do      work. 

Machine    is assigned to perform   work. 

Machine    is assigned to perform   work.  

The cost:  

   ,      - 
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5.9. Important notes:  

When we study the issues of optimal assignment, we come across the 

following: 

1. There is two types of assignment issues according to the objective 

function: 

The first type:  

It is required to obtain a minimum value for the objective function, 

knowing that the cost of completing any work by a machine is a known 

value, and therefore the total cost is as small as possible. 

The second type:  

What is required is to obtain a maximum value for the objective function, 

and here it is known that we have the profit accruing from the completion 

of any work, by a machine, and therefore the total cost is the greatest 

possible. 

In this type, we transform matter to the first type according to the 

following steps: 

a. Multiply the elements of the cost matrix by the value (-1). 

b. If some elements of the matrix are negative, we add enough 

positive numbers to the corresponding rows and columns so that 

all elements become non-negative. 

c. Then the issue becomes a matter of assignment and we want to 

make the objective function smaller, and all elements of the cost 

matrix are non-negative, so we can apply the Hungarian method. 

2. There are two types of customization issues according to the 

number of businesses and the number of machines: 

In this research, we studied the standard assignment issues. It should be 

noted that there are non-standard assignment issues. In these issues, the 

number of works is not equal to the number of machines, and here we 

convert them into standard issues by adding a fictitious work or a 

fictitious machine and make the cost equal to zero So that the objective 

function does not change, then we build the mathematical model as it is in 

the standard models. 
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